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(57) The present invention is characterized in that 
an underlying layer solution containing a hydrolyzable 
compound represented by 

X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from 
the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more 
than 0) is brought into contact with a surface of a base 
material, the underlying layer solution is dried at a tem- 
perature less than 300 °C to form an underlying layer, 
a solution containing a silane-based compound is 
brought into contact with a surface of the underlying lay- 
er to cause chemical adsorption of the molecules of the 
silane-based compound to the surface of the underlying 
layer, and the base material is sintered at a temperature 
of 300 °C or more. This improves the water repellency, 
resistance, and heat resistance of a functional film com- 
posed of the silane-based compound, which is for mod- 
ifying the properties of the surface of the base material. 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to a functional film formed on a surface of a base material to modify the properties 
of the surface of the base material, a method of fabricating the same, a liquid crystal display device using the functional 
film as a liquid crystal alignment film, and a method of fabricating the same. 

BACKGROUND ART 

10 

[0002] There have conventionally been used means for modifying the properties of a surface of a base material to 
impart water repel lency, an anti-contamination property, and the function of aligning a liquid crystal thereto. As an 
example of such means, there is a method of coating the base material with a solution containing a trich I orosi lane- 
based compound, a silane coupling agent, or the like to cause chemical adsorption of a coating component to the 

is surface of the base material. In accordance with the method, solute molecules as the coating component are strongly 
bonded to the base material by chemical adsorption, so that a high-resistance coating is formed. If the surface of the 
base material has a reduced number of active hydrogens such as hydroxyl groups, however, a coarse coating having 
a low density of adsorbed molecules is formed. With such a coating, the object of modifying the surface properties 
cannot be attained satisfactorily. 

20 [0003] With respect to a base material having a low density of active hydrogens, therefore, there has been adopted 
a method of bonding and fixing a coating film to the base material via an underlying layer by using the technology of 
preliminarily coating a sol-gel solution containing Si0 2 or the like as a main component, sintering the sol-gel solution 
to form the underlying layer having a high density of active hydrogens on the surface, and applying a coating solution 
containing a silane coupling or the like. The method increases the resistance of the coating compared with a method 

25 of directly applying the base material with the coating solution. However, a functional film formed by using the prior art 
technology is not satisfactory in terms of adhesion to the base material, uniformity of the coating, resistance, and the 
like so that a further improvement is expected. 

[0004] There can also be considered a method of preliminarily mixing Si0 2 in a solution containing a silane coupling 
agent, a trichlorosi lane-based compound, or the like and coating the mixture directly onto the base material to simplify 
30 the operation of forming the underlying layer and increase the density of active hydrogens. In accordance with the 
method, however, the silane coupling agent, the trichlorosilane-based compound, or the like is segregated at the in- 
terface between the substrate and the functional film and therefore the adhesion between the substrate and the func- 
tional film cannot be increased. 

[0005] Since the resistance of a functional film is also dependent on the resistance of the underlying layer, an un- 
35 dertying layer with resistance higher than that of the SiOg film is desired for a functional film with higher resistance. 

DISCLOSURE OF THE INVENTION 

[0006] The present invention has been achieved in view of the foregoing and it is therefore an object of the present 
40 invention to provide a functional film excellent in coating uniformity relative to a base material, adhesion thereto, and 

resistance and a method of fabricating the same. Another object of the present invention is to provide a liquid crystal 

display device using the functional film as a liquid crystal alignment film and a method of fabricating the same. 

[0007] To attain the object, the functional film of the present invention has the following arrangements. 

[0008] (1 ) A functional film according to a first embodiment of the present invention is a functional film formed on a 
45 surface of a base material with an underlying layer interposed therebetween, the underlying layer being a thin film 

composed of a hydrolyzable compound represented by 

X-(SiOX 2 ) n -SiX 3 

50 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
isocyanate group and n is an integer equal to or more than 0), bonded fixedly onto the base material via a siloxane 
bond, and containing a structural unit represented by the following structural formula (1), the functional film being a 
thin film composed of a group of molecules of a silane-based compound each having an — O-Si bonding group in an 
55 end group thereof and chemically adsorbed to the underlying layer by chemical bonding 
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(where n is an integer equal to or more than 0). 
io [0009] In the arrangement, the constituent molecules of the underlying layer are polymerized and some of the con- 
stituent molecules are chemically bonded to the base material so that an underlying layer strongly fixed to the base 
material is formed. Since the molecules of the silane-based compound composing the functional film are chemically 
adsorbed at a high density to the underlying layer, a uniform and high-quality functional film with high resistance is 
formed. 

15 [0010] (2) A functional film according to a second embodiment of the present invention is a functional film formed 
on a surface of a base material with an underlying layer interposed therebetween, the underlying layer being a thin 
film composed of a hydrolyzable compound represented by 



20 



30 



45 



50 



X'-fAIOX'^-AIX's 



(where X' is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material via 
an — O-AI bond, and containing a structural unit represented by the following structural formula (2), the functional film 
being a thin film composed of a group of molecules of a silane-based compound each having an — O-Si bonding group 
25 in an end group thereof and chemically adsorbed to the underlying layer by chemical bonding 

- (Al-O) n-Al- ■ • ■ (2) 

I I 

0 O 

1 I 

35 (where n is an integer equal to or more than 0). 

[001 1 ] Since the underlying layer contains the structural unit represented by the foregoing structural formula (2) and 
bonded fixedly onto the base material via the — O-AI bond, it is high in resistance, e.g., abrasion resistance and heat 
resistance. The arrangement allows the formation of a thin film remarkably high in resistance or the like by forming the 
functional film on the underlying layer. 

40 [0012] (3) A functional film according to a third embodiment of the present invention is a functional film formed on a 
surface of a base material with an underlying layer interposed therebetween, the underlying layer being a thin film 
composed of a hydrolyzable compound represented by 



X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
isocyanate group and n is an integer equal to or more than 0) and a hydrolyzable compound represented by 

X'-fAIOXVAIX'g 



(where X 1 is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material via a 
siloxane bond and an — O-AI bond, and containing structural units represented by the following structural formulae (1) 
55 and (2), respectively, the functional film being a thin film composed of a group of molecules of a silane-based compound 
each having an — O-Si bonding group in an end group thereof and chemically adsorbed to the underlying layer by 
chemical bonding 
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(where n is an integer equal to or more than 0). 

[0013] in the arrangement, the underlying layer is the thin film which contains structural units different from each 
other and represented by the structural formulae (1 ) and (2) and has a dense structure in which the Si-based compound 
and the Al-based compound coexist mixedly on a molecular level. Accordingly, the functional film provided on the base 
20 material via the underlying layer has high density and high resistance. This is because, if the density of the underlying 
layer is high, adsorption portions are present at a high density in a surface layer so that a larger number of molecules 
of the silane-based compound are chemically adsorbed to the adsorption portions. 

[0014] To the functional films according to the first to third embodiments, the following components can further be 
added. 

25 [0015] Each of the molecules of the silane-based compound in the functional films (1 ) to (3) can be a molecule of a 
trichlorosi lane-based compound. Since the molecules of the trichlorosilane-based compound are bonded directly 
(chemically adsorbed) to the OH groups exposed at the underlying layer by covalent bonding without undergoing the 
polymerization reaction thereof, the molecules of the trichlorosilane-based compound can be adsorbed chemically at 
a high density so that a functional film having a surface-property modifying effect such as water repellency or liquid 

30 crystal alignment properly resistant to degradation is fabricated. 

[0016] Each of the molecules of the silane-based compound preferably has a straight carbon chain. This is because, 
if each of the molecules of the silane-based compound has the straight carbon chain, the molecules of the silane- 
based compound are aligned orderly on the substrate to achieve high-density chemical adsorption and the surface- 
modifying effect such as water repellency or liquid crystal alignment property is resistant to degradation. 

35 [001 7] The straight carbon chain can have an alkyl group or a ftuoroalkyl group. The coating composed of the silane- 
based compound having an alkyl group or a ftuoroalkyl group is preferred in terms of its excellent water repellency or 
anti-contamination property. If the coating has excellent water repellency, the ingress of water into the space between 
the underlying layer and the base material is prevented, which further increases resistance. If the coating is used as 
the liquid crystal alignment film, any alignment such as a homogeneous, pretilt, or homeotropic alignment is achievable. 

40 [0018] The straight carbon chain can have a photosensitive group. 

[0019] A portion of the photosensitive group in the straight carbon chain can be polymerized fixedly in a desired 
direction. This provides a functional film with increased resistance and, if the functional film is used as a liquid crystal 
alignment film, the resulting liquid crystal alignment film has excellent alignment stability. 
[0020] The photosensitive group can be a cinnamoyl group represented by the following chemical formula (3). 



45 



50 




CH-CH-CO- 



(3) 



[0021] The photosensitive group can be a chalconyl group represented by the following chemical formula (4). 
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[0022] The use of the cinnamoyl group or chalconyl group as the photosensitive group allows polymerization with a 
low dose of polarized UV light so that a reduction in tact time in a UV irradiation step is achievable. 

10 [0023] Each of the functional films (1 ) to (3) can be a thin film configured as a single molecular layer. In the thin film 
configured as the single molecular layer, the same functional groups are arranged on the surface of the film so that 
the function of the functional film effected owing to the functional groups is improved. If the functional groups are CF 3 
groups, a larger number of CF 3 groups are exposed at the surface of the functional film than in the case where the 
functional film is not the thin film configured as the single molecular layer, so that water repellency is improved. The 

is functional film can also be formed to have excellent alignment property, which is suitable for a liquid crystal alignment 
film. 

[0024] The group of molecules of the silane-based compound composing each of the functional films (1) to (3) can 
be aligned in a given direction. In the arrangement, the functional film can also be formed as a liquid crystal alignment 
film capable of aligning adjacent liquid crystal molecules in a desired direction. 
20 [0025] The base material can be composed of any selected one of glass, stainless steel, and an aluminum oxide. 
The arrangement allows the formation of a functional film with high resistance on the base material composed of glass, 
stainless steel, or an aluminum oxide. 

[0026] As the methods of fabricating the functional films described above, the following embodiments (4) to (6) can 
be adopted. The embodiments (4) to (6) correspond to the first to third embodiments described above, respectively. 
25 [0027] (4) A method of fabricating the functional film according to the first embodiment of the present invention 
comprises: an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface of 
a base material, an underlying layer solution containing a hydrolyzable compound represented by 

M X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
isocyanate group and n is an integer equal to or more than 0) and drying the underlying layer solution; a thin-film 
forming step of forming a thin film by bringing a solution containing a silane-based compound into contact with the 
35 surface of the base material formed with the underlying layer to cause chemical adsorption of the silane-based com- 
pound to the surface of the base material; and a sintering step of sintering the base material after the thin-film forming 
step. 

[0028] In accordance with the foregoing method, the underlying layer is only dried, not sintered in the underlying- 
layer forming step. However, SiX 3 present in a near-surface portion of the underlying layer reacts with moisture in the 

40 drying process to be changed to a compound having an OH group so that the density of active hydrogens as the 
adsorption portions for the silane-based compound is increased. On the other hand, active hydrogens are not lost due 
to the temperature during sintering, since sintering is not performed. If the solution containing the silane-based com- 
pound is brought into contact with such an underlying layer, the molecules of the silane-based compounds are chem- 
ically bonded (also termed chemically adsorbed) to the portions of the active hydrogens present at a high density, 

45 which allows the formation of a thin film composed of the molecules of the silane-based compound chemically adsorbed 
at a high density. 

[0029] In accordance with the foregoing method, the base material is sintered at the final stage of the fabrication 
process. As a result of the sintering, the constituent molecules of the underlying layer are polymerized and set to be 
fixed more strongly to the base material, while some of the constituent molecules are chemically bonded to the base 
so material. Consequently, the underlying layer is strongly fixed to the base material. 

[0030] Thus, the foregoing fabrication method allows the fabrication of a high-quality functional film wherein a thin 
film composed of a silane-based compound is bonded uniformly and fixedly to the base material via an underlying 
layer fixed strongly to the base material. The functional film is high in resistance or the like. 

[0031 ] It is to be noted that the silane-based compound is bonded in the form of RpSiJO-)^ (where R is a substituent 
55 group and P is an integer of 1 to 3) by covalent bonding (chemically adsorbed) to the surface of the base material 
having the underlying layer. 

[0032] (5) A method of fabricating the functional film corresponding to the second embodiment of the present inven- 
tion comprises: an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface 
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of a base material, an underlying layer solution containing a hydrotyzable compound represented by 

X'KAIOX'^-AIX',, 

5 

(where X' is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; a 
coating forming step of forming a coating by bringing a coating forming solution containing a silane-based compound 
into contact with the surface of the base material formed with the underlying layer to cause chemical adsorption of 
molecules of the silane-based compound to the surface of the base material; and a sintering step of sintering the base 

10 material after the coating forming step. 

[0033] The underlying-layer forming step of the foregoing method is characterized in that the underlying layer is only 
dried, not sintered. In the arrangement, Al-X' present in a near-surface portion of the underlying layer reacts with 
moisture to be changed to a compound having an AI-OH group in the drying process so that the density of active 
hydrogens as the adsorption portions for the molecules of the silane-based compound is increased. On the other hand, 

is active hydrogens are not lost due to the temperature during sintering, since sintering is not performed. If the solution 
containing the silane-based compound is brought into contact with such an underlying layer, the molecules of the 
silane-based compound are chemically bonded (also termed chemical adsorbed) to the portions of active hydrogens 
present at a high density. This allows the formation of a thin film having the molecules of the silane-based compound 
chemically adsorbed thereto uniformly at a high density. 

20 [0034] In accordance with the foregoing method, the base material is sintered at the final stage of the fabrication 
process. As a result of the sintering, the components of the underlying layer are polymerized and set to be bonded 
more strongly to the base material, while some of the constituent molecules are chemically bonded to the base material. 
Consequently, the underlying layer is strongly fixed to the base material. 

[0035] The resistance, e.g., abrasion resistance or heat resistance of the functional film is greatly affected by the 
25 abrasion resistance and heat resistance of the underlying layer. Since the underlying layer composed of a compound 
represented by X'-fAIOX^-AlX^ is higher in resistance than a Si0 2 single layer (main body of the functional film), the 
arrangement provides a functional film with high resistance. Thus, the arrangement allows the molecules of the silane- 
based compound to be bonded uniformly and fixedly at a high density to the base material via the underlying layer 
fixed strongly to the base material. The functional film thus formed is remarkably high in resistance or the like. 
30 [0036] The silane-based compound is bonded by covalent bonding (chemically adsorbed) in the form of RpSi(0-) 3 . p 
(R is a substituent group and P is an integer of 1 to 3) to the surface of the base material having the underlying layer. 
[0037] (6) A method of fabricating the functional film corresponding to the third embodiment of the present invention 
comprises: an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface of 
a base material, an underlying layer solution containing a two-component mixture composed of a hydro lyzable com- 
35 pound represented by 

X-(SiOX 2 ) n -SiX 3 

40 (where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
isocyanate group and n is an integer equal to or more than 0) and a hydrolyzable compound represented by 

X'-tAIOX^-AIX'g 

45 

(where X* is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; a 
coating forming step of forming a coating by bringing a coating forming solution containing a silane-based compound 
into contact with the surface of the base material formed with the underlying layer to cause chemical adsorption of 
molecules of the silane-based compound to the surface of the base material; and a sintering step of sintering the base 

so material after the coating forming step. 

[0038] The method is characterized in that the two-component underlying layer solution containing X-(SiOX 2 ) n -SiX 3 
and X'-(AIOX') n -AIX'2 is used to form the underlying layer. Except for that, the method is for fabricating a functional film 
similarly to the case of claim 1 . In the arrangement, Al-X' and Si-X present in the near-surface portion of the underlying 
layer react with moisture in the drying process to be changed to compounds having an AI-OH group and a Si-OH group, 

55 respectively, which increases the density of active hydrogens as the adsorption portions forthe molecules of the silane- 
based compound. In the arrangement also, active hydrogens are not lost due to the temperature during sintering, since 
sintering is not performed similarly to claim 1 . 

[0039] The arrangement uses the two-component underlying layer solution of the compound [X-JSiOX^n-SiXJ and 
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the compound pC-fAIOXVAlXy. m tne two-component system composed of the Si-based compound and the Al- 
based compound, the two compounds in different structures coexist mixedly on a molecular level. Compared with the 
case where either of the compounds is used alone, the underlying layer in a denser structure is formed. As the under- 
lying layer is denser, the density of hydroxy! groups in a surface layer is accordingly higher, so that a larger number of 
5 coating forming molecules are chemically adsorbed. As a result, a denser functional film is formed and the degradation 
of water repeilency resulting from heat energy is reduced accordingly. 

[0040] In the methods of fabricating the functional films according to the first to third embodiment, the following 
components can further be added. 

[0041] A molar ratio Si/AI between Si and AJ of the two-component mixture can be adjusted to 1 or more. Specifically, 
10 jf the Si/AI molar ratio between Si and A1 in the underlying layer formed by using the two-component underlying layer 
solution composed of the Si-based compound and the Al-based compound is adjusted to 1 or more, the resulting 
underlying layer is higher in abrasion resistance and heat resistance than an underlying layer composed only of Si0 2 
and an underlying layer composed only of A^O^ while it is higher in abrasion resistance and heat resistance than the 
two-component underlying layer in which the Si/AI molar ratio is less than 1 . Since the resistance of the functional film 
15 is largely dependent on the resistance of the underlying layer or the like, the arrangement allows the fabrication of a 
functional film which is high in abrasion resistance and heat resistance. 

[0042] The compound represented by X-(SiOX 2 ) n -SiX 3 can be alkoxysilane. Alkoxysilane is advantageous in that 
its reaction with moisture and polymerization reaction are easily controlled with a temperature and it is easy to handle 
because a toxic product such as a hydrochloric acid is not produced during the reaction with moisture. Therefore, the 
20 arrangement allows the formation of a high-quality underlying layer having high manufacturing operability and numer- 
ous chemical adsorption portions. Moreover, the underlying layer can be fixed securely to the base material by sintering 
performed at the final stage of fabrication. This allows the fabrication of a functional film with excellent water repeilency 
and high resistance. 

[0043] The drying in the underlying-layer forming step includes evaporating a solvent contained in the underlying 
25 layer solution. The drying in the underlying-layer forming step can be performed at a temperature less than 300 °C. If 
the drying of the underlying layer is performed at a temperature less than 300 °C, it becomes possible to cause Al-X' 
or Si-X exposed at the surface of the underlying layer to react appropriately with moisture to provide AI-OH and Si- 
OH, while hydroxyl groups (OH) are not lost by a useless decomposition reaction. In the arrangement, therefore, the 
density of active hydrogens at the surface of the base material is increased remarkably so that the molecules of the 
30 silane-based compound are adsorbed chemically at a high density in the thin-film forming step. 

[0044] The sintering step includes causing polymerization and setting of constituent molecules of the underlying 
layer. The sintering in the sintering step can be performed at a temperature more than 300 °C. If the sintering temper- 
ature is 300 °C or more, the polymerization reaction between the unreacted molecules contained in the underlying 
layer is promoted sufficiently. Therefore, the arrangement increases the hardness of the underlying layer and allows 
35 the underlying layer to be strongly fixed to the base material. As a result, there can be formed a functional film with 
excellent adhesion and high resistance. 

[0045] A trichlorosilane-based compound can be used as the silane-based compound for forming the coating. Since 
the trichlorosilane-based compound is highly reactive with OH groups, if it is brought into contact with the substrate in 
an anhydrous atmosphere, it is chemically bonded only to the OH groups at the surface of the underlying layer. This 

^o obviates the necessity to use an acid, an alkali, water, or the like during for the formation of a coating so that the 
polymerization reaction of the trichlorosilane-based compound does not occur. That is, if the coating forming component 
is a trichlorosilane-based compound, there is no case where functional groups to be bonded to the OH groups at the 
surface of the underlying layer are lost due to the polymerization reaction, so that the coating forming material is surely 
bonded to the OH groups at the surface of the underlying layer having the coating forming material at a high density. 

45 As a result, there can be fabricated a functional film with excellent water repeilency and high resistance. 

[0046] A silane-based compound having an alky I group or a f luoroalkyl group can be used as the silane-based com- 
pound for forming the coating. A coating composed of a silane-based compound containing an alky I group or a fluor- 
oalkyl group as a main component is preferred in terms of its excellent water repeilency and anti-contamination property. 
Moreover, the coating excellent in water repeilency prevents the ingress of water between the underlying layer and 

50 the base material, which further increases resistance. 

[0047] A non-aqueous solvent can be used as a solvent of the coating forming solution. In the arrangement using 
the non-aqueous solvent, the trichlorosilane-based compound is prevented from being dehydrated by the solvent and 
losing the reactivity, so that the silane-based compound is chemically adsorbed efficiently to the portions of hydrophilic 
groups at the surface of the underlying layer. This allows the formation of the functional film fixed securely to the 

55 underlying layer. 

[0048] The non-aqueous solvent can be silicone. Silicone contains a reduced amount of water and is less likely to 
absorb water, while it solvates with the chlorosilane-based compound to prevent direct contact between the chlorosi- 
lane-based compound and moisture. Therefore, the solution composed of the chlorosilane-based compound and sil- 
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icone allows chemical adsorption of the chlorosi lane-based compound to the hydrophilic portions (OH groups) of the 
underlying layer, while preventing an adverse effect resulting from water in an ambient atmosphere while it is brought 
into contact with the underlying layer. 

[0049] The coating forming solution is preferably brought into contact with the surface of the base material in an 
5 atmosphere at a relative humidity of 35% or less. In the arrangement in which the solution containing the trichlorosilane 
compound is brought into contact with the underlying layer in an atmosphere having a relative humidity held at 35% 
or less, an adverse effect (reaction between water and trichlorosilane compound) resulting from water in the atmosphere 
can be suppressed substantially. 

[0050] The method may further comprises: a cleaning step of removing unadsorbed molecules of the silane-based 
10 compound after the sintering step. This allows the formation of a uniform single molecular film composed of the silane- 
based compound chemically adsorbed onto the substrate and provides a functional film with a uniform alignment prop- 
erty. 

[0051] A non-aqueous solvent can be used as a cleaning agent in the cleaning step. This removes the unreacted 
silane-based compound without allowing it to react with water. 
15 [0052] Chloroform can be used as the non-aqueous solvent. Chloroform is preferred because of its low boiling point 
and excellent drying property after cleaning. 

[0053] Alternatively, N-methyl-2-pyrrolidinone can be used as the non-aqueous solvent. N-methyl-2-pyrrolidinone 
has high removability so that, if a chlorosilane compound is used as the silane-based compound, e.g., N -methyl-pyr- 
rol idi none dissolves a chlorosilane polymer resulting from the reaction between chlorosilane and water in the thin-film 
20 forming step or sintering step. 

[0054] A liquid crystal display device of the present invention has the following structure. 

[0055] (7) A liquid crystal display device according to a fourth embodiment of the present invention comprises: a pair 
of substrates disposed in opposing relation, each of the pair of substrates having an electrode and a liquid crystal 
alignment film formed on a surface of the electrode with an underlying layer interposed therebetween; and a liquid 
25 crystal layer provided between the pair of substrates, the underlying layer being a thin film composed of a hydrolyzable 
compound represented by 



X-(SiOX2) n -SiX 3 

30 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
isocyanate group and n is an integer equal to or more than 0), bonded fixedly onto the base material via a siloxane 
bond, and containing a structural unit represented by the following structural formula (1), the liquid crystal alignment 
film being an alignment film composed of a group of molecules of a silane-based compound each having an — O-Si 
35 bonding group in an end group thereof and chemically adsorbed to the underlying layer by chemical bonding 



40 



I 

(Si 
I 

o 
! 



CO 



I 

Si- 

1 

o 
I 



(1) 



(where n is an integer equal to or more than 0). 
45 [0056] In the arrangement, the molecules of the silane-based compound are uniformly and fixedly bonded at a high 
density to the substrate via the underlying layer fixed strongly to the substrate. Since the liquid crystal alignment film 
is thus provided on the substrate, it has high resistance or the like. 

[0057] The arrangement provides an ultra-thin liquid crystal alignment film and implements a liquid crystal display 
device with excellent eiectrooptic characteristics. 
50 [0058] (8) A liquid crystal display device according to a fifth embodiment of the present invention comprises: a pair 
of substrates disposed in opposing relation, each of the pair of substrates having an electrode and a liquid crystal 
alignment film formed on a surface of the electrode with an underlying layer interposed therebetween; and a liquid 
crystal layer provided between the pair of substrates, the underlying layer being a thin film composed of a hydrolyzable 
compound represented by 

55 

X'-fAIOX'^-AlX',, 
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(where X' is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material via 
an — O-AI bond, and containing a structural unit represented by the following structural formula (2), the liquid crystal 
alignment film being an alignment film composed of a group of molecules of a silane-based compound each having 
an — O-Si bonding group in an end group thereof and chemically adsorbed to the underlying layer by chemical bonding 



10 



(Al-O) n~Al- 
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0 O 

1 I 



(2) 



(where n is an integer equal to or more than 0). 

[0059] In the arrangement, the underlying layer fixed to the substrate has been formed with the constituent molecules 
15 thereof polymerized and set to be bonded and fixed more strongly to the substrate so that it has excellent abrasion 
resistance and high heat resistance. Accordingly, the liquid crystal alignment film formed on the underlying layer has 
excellent abrasion resistance and high heat resistance. 

[0060] In the conventional liquid crystal display device comprising an alignment film composed of, e.g., a polyimide 
resin or the like, an image sticking phenomenon has been visually recognized as a result of charge accumulation 

20 caused by spontaneous polarization in the alignment film when an electric field is applied to the liquid crystal layer. 
However, si nee the liquid crystal alignment film according to the present invention is composed of the group of molecules 
of the silane-based compound chemically adsorbed to the underlying layer, as in the foregoing arrangement, it can be 
formed as an ultra-thin film. Accordingly, the charge accumulated by spontaneous polarization is extremely small com- 
pared with the charge accumulated in the conventional alignment film. This reduces the occurrence of image sticking 

25 and implements a liquid crystal display device with excellent eiectrooptic properties. 

[0061] (9) A liquid crystal display device according to a sixth embodiment of the present invention comprises: a pair 
of substrates disposed in opposing relation, each of the pair of substrates having an electrode and a liquid crystal 
alignment film formed on a surface of the electrode with an underlying layer interposed therebetween; and a liquid 
crystal layer provided between the pair of substrates, the underlying layer being a thin film composed of a hydrolyzable 

30 compound represented by 

X-(SiOX 2 ) n -SiX 3 

35 (where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
isocyanate group and n is an integer equal to or more than 0) and a hydrolyzable compound represented by 

XXAIOX'Jn-AIX'g 

40 

(where X' is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material via a 
siloxane bond and an — O-AI bond, and containing structural units represented by the following structural formulae (1 ) 
and (2), respectively, the liquid crystal alignment film being a thin film composed of a group of molecules of a silane- 
based compound each having an — O-Si bonding group in an end group thereof and chemically adsorbed to the 
45 underlying layer by chemical bonding 
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- (Al-O) n-Al- 

I I ' ' ' (2) 

0 o 

1 I 

(where n is an integer equal to or more than 0). 

[0062] The arrangement suppresses the occurrence of image sticking and implements a liquid crystal alignment film 
with excellent electrooptic properties. 

[0063] To the liquid crystal display devices according to the fourth to sixth embodiments, the following components 
can be added. 

[0064] The group of the molecules of the si lane-based compound composing the liquid crystal alignment film can be 
aligned in a given direction or in a plurality of directions to form a pattern. 

[0065] Each of the molecules of the silane-based compound has a straight carbon chain having a photosensitive 
group and the photosensitive group can be polymerized fixedly in a desired direction. 

[0066] The liquid crystal layer can have a pretilt alignment. Alternatively, the liquid crystal layer can have a homo- 
geneous alignment. Alternatively, the liquid crystal layer can have a homeotropic alignment. 

[0067] The liquid crystal display device can be a liquid crystal display device of inplane switching type, wherein the 
electrodes opposed to each other are formed on a surface of one of the substrates. This provides a liquid crystal display 
device with excellent electrooptic properties in which image sticking is suppressed in an in-plane switching mode. 
[0068] As the methods of fabricating the foregoing liquid crystal display devices, the following embodiments (1 0) to 
(12) can be adopted. The embodiments (10) to (12) are fabrication methods corresponding to the fourth to sixth em- 
bodiments described above. 

[0069] (1 0) A method of fabricating a liquid crystal display device corresponding to the fourth embodiment comprises: 
a pair of substrates having a liquid crystal alignment film internally of at least one of the pair of substrates; and a liquid 
crystal layer provided between the pair of substrates and having a given alignment structure due to the liquid crystal 
alignment film, the method comprising: an underlying-layer forming step of forming an underlying layer by bringing, 
into contact with a surface of each of the substrates, an underlying layer solution containing a hydrolyzable compound 
represented by 

X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
isocyanate group and n is an integer equal to or more than 0) and drying the underlying layer solution; a thin-film 
forming step of bringing a solution containing a silane-based compound into contact with the surface of the substrate 
formed with the underlying layer to cause chemical adsorption of molecules of the silane-based compound to the 
surface of the substrate and thereby forming the liquid crystal alignment film; a sintering step of sintering the substrate; 
and an alignment treatment step of performing an alignment treatment with respect to the liquid crystal alignment film. 
[0070] (1 1 ) The method of fabricating a liquid crystal display device corresponding to the fifth embodiment comprises: 
a pair of substrates having a liquid crystal alignment film internally of at least one of the pair of substrates; and a liquid 
crystal layer provided between the pair of substrates and having a given alignment structure due to the liquid crystal 
alignment film, the method comprising: an underlying-layer forming step of forming an underlying layer by bringing, 
into contact with a surface of each of the substrates, an underlying layer solution containing a hydrolyzable compound 
represented by 

X'-fAIOX^-AlX^ 

(where X' is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; a 
thin-film forming step of bringing a solution containing a silane-based compound into contact with the surface of the 
substrate formed with the underlying layer to cause chemical adsorption of molecules of the silane-based compound 
to the surface of the substrate and thereby forming the liquid crystal alignment film; a sintering step of sintering the 
substrate; and an alignment treatment step of performing an alignment treatment with respect to the liquid crystal 
alignment film. 

[0071 ] (1 2) The method of fabricating a liquid crystal display device corresponding to the sixth embodiment compris- 
es: a pair of substrates having a liquid crystal alignment film internally of at least one of the pair of substrates; and a 
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liquid crystal layer provided between the pair of substrates and having a given alignment structure due to the liquid 
crystal alignment film, the method comprising: an underlying-layer forming step of forming an underlying layer by bring- 
ing, into contact with a surface of each of the substrates, an underlying layer solution containing a two-component 
mixture composed of a hydrolyzable compound represented by 

5 

X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an 
10 isocyanate group and n is an integer equal to or more than 0) and a hydrolyzable compound represented by 

15 (where X* is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; a 
thin-film forming step of bringing a solution containing a silane-based compound into contact with the surface of the 
substrate formed with the underlying layer to cause chemical adsorption of molecules of the silane-based compound 
to the surface of the substrate and thereby forming the liquid crystal alignment film; a sintering step of sintering the 
substrate; and an alignment treatment step of performing an alignment treatment with respect to the liquid crystal 

20 alignment film. 

[0072] To the methods of fabricating the liquid crystal display devices according to the fourth to sixth embodiments, 
the following components can further be added. 

[0073] The method can further comprise a cleaning step of removing un adsorbed molecules of the silane-based 

compound after the sintering step. 
25 [0074] The method can further comprise, after the cleaning step, a drainage alignment step of draining the cleaning 

agent in a desired direction of drainage and thereby aligning the molecules of the silane-based compound composing 

the liquid crystal alignment film in the direction of drainage. This allows the formation of the liquid crystal alignment 

film composed of the group of molecules of the silane-based compound which are aligned in the direction of drainage. 

When an alignment treatment is performed after the drainage alignment step, conditions for the alignment treatment 
30 can be made less strict in such a manner that, e.g., the dose of UV light is reduced in the light alignment method or 

the number of treatments is reduced in the rubbing treatment method. 

[0075] The alignment treatment step can be a rubbing alignment step of aligning the molecules of the silane-based 
compound in the liquid crystal alignment film in a desired direction by a rubbing treatment. This renders the rubbing 
conditions less strict and allows the fabrication of a chemically adsorbed film aligned in the rubbing direction in accord- 

35 ance with the rubbing method, while preventing the film from being scraped. 

[0076] If the liquid crystal alignment film is composed of the group of molecules of the silane-based compound each 
having a photosensitive group, the alignment treatment step can be a polarized-light alignment step of irradiating the 
surface of the substrate formed with the liquid crystal alignment film with polarized light to cause a crosslinking reaction 
between the molecules of the silane-based compound and thereby exerting an alignment regulating force which enables 

40 liquid crystal molecules to be aligned in a specified direction. The drainage alignment step or the rubbing alignment 
step each for aligning the chemically adsorbed film having the photosensitive groups allows easy occurrence of an 
anisotropic light reaction which aligns the photosensitive groups in a desired direction and reduces the dose of the 
polarized UV light than in the conventional light alignment method (polarized light alignment step). In addition, the 
alignment treatment can be performed without performing a rubbing treatment which causes static electricity. As a 

45 result, there can be provided a liquid crystal display device with excellent eiectrooptic properties in which the occurrence 
of image sticking or the like is suppressed. 

[0077] An intensity of the polarized light used for irradiation in the polarized-light alignment step can be 1 J/cm 2 or 
more at a wavelength of 365 nm. This allows the liquid crystal layer to have the homogeneous alignment, which can 
be applied suitably to a liquid crystal display device in the in-plane switching mode. 
50 [0078] A 5 mol% or less of silane-based compound having a fiuoroalkyl group can be mixed in the solution containing 
the silane-based compound. This allows the liquid crystal layer to have the homeotropic alignment. 
[0079] These and other objects, features, and advantages of the present invention will be fully understood from the 
following description. The advantages of the present invention will become obvious in the following description given 
with reference to the accompanying drawings. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0080] 

5 FIGS. 1 are conceptual views for illustrating a method of fabricating a functional film according to the present 

invention; 

FIGS. 2 are conceptual views for illustrating a conventional method of fabricating a functional film; 
FIGS. 3 are conceptual views for illustrating the conventional method of fabricating a functional film in which an 
underlying layer is not formed; 
io FIG. 4 is a graph showing the relationship between the number of rubs and a contact angle; 

FIG. 5 is a graph showing contact angles changing with time during a heating test; 
FIG. 6 is a graph showing contact angles changing with time during the heating test; 
FIG. 7 is a graph showing contact angles changing with time during the heating test; 

FIGS. 8 are conceptual views for illustrating a method of fabricating a functional film according to the present 
15 invention; 

FIG. 9 is a graph showing the relationship between the number of rubs and a contact angle; 
FIG. 10 is a graph showing the relationship between the number of rubs and the contact angle; 
FIG. 11 is a graph showing contact angles changing with time during a heating test; 
FIG. 12 is a graph showing contact angles changing with time during the heating test; 
20 FIG. 13 is a graph showing contact angles changing with time during the heating test; 

FIG. 14 is a graph showing contact angles changing with time during the heating test; 

FIGS. 15 are conceptual views for illustrating a conventional method of fabricating a functional film; 

FIGS. 16 are conceptual views for illustrating the conventional method of fabricating a functional film in which an 

underlying layer is not formed; 

25 FIG. 1 7 is a diagrammatic cross-sectional view showing a structure of a liquid crystal display device according to 

the present invention; and 

FIGS. 18 are conceptual views for illustrating a method of fabricating a liquid crystal alignment film according to 
the present invention. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

EMBODIMENTS 

[0081] In accordance with a method of fabricating a functional film of the present invention, an underlying layer is 
35 formed on a substrate made of, e.g., glass by coating a surface of the glass substrate with an underlying layer solution 
prepared by using: 

(1) a hydrolyzable compound represented by 

40 X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0); 
45 (2) a hydrolyzable compound (hereinafter referred to as an underlying layer forming material) represented by 

X'-tAIOX'^-AlX^ 

so (where X' is an alkoxy group and n is an integer equal to or more than 0); or 

(3) a mixture of a hydrolyzable compound represented by 

. X-(SiOX 2 ) n -SiX 3 

55 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0) and a hydrolyzable compound represented by 
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X'-(AIOX') n -AIX' 2 

(where X' is an alkoxy group and n is an integer equal to or more than 0) and drying the solvent. 

5 

[0082] Then, a solution containing a si lane-based compound is coated on the underlying layer and the solvent is 
dried. This causes chemical adsorption of the molecules of the silane-based compound to a surface of the underlying 
layer. Thereafter, the base material made of glass is sintered such that the underlying layer is securely fixed to the 
substrate. 

10 [0083] The fabrication method allows the molecules of the silane-based compound to be bonded to the underlying 
layer strongly and uniformly and allows the underlying layer to be strongly fixed to the base material by sintering per- 
formed at the final stage of fabrication. As a result, the functional film entirely bonded and fixed to the glass substrate 
solidly and uniformly can be fabricated. Such a functional film functions properly as a surface-property modifying coating 
over a long period of time. By contrast, the conventional fabrication method which performs sintering during the for- 

15 mation of the underlying layer cannot surely provide sufficient adsorbing portions (OH groups) of the silane-based 
compound since the surface of the underlying layer loses the hydroxyl groups due to the temperature during sintering. 
Accordingly, the functional film fabricated by the conventional method is inferior to the functional film fabricated by the 
method of the present invention in terms of adhesion, uniformity, and resistance. 

[0084] In the fabrication method of the present invention, drying during the formation of the underlying layer is per- 
20 formed desirably at a temperature less than 300 a C, preferably at temperatures of 50 °C to 200 °C, and more preferably 
at temperatures of 80 *C to 150 °C. If the drying temperature is adjusted to 300 °C or more, X'-fAlOXVAIX'g as the 
component of the underlying layer polymerizes or X'-(AIOX') n -AIX , 2 and X-(SiOX2) n -SiX 3 as the components of the 
underlying layer polymerize so that the surface of the underlying layer loses active hydrogens. If consideration is given 
to both drying efficiency and the polymerization of the underlying layer forming material, temperatures of 50 °C to 200 
25 °c are preferable and temperatures 80 *C to 150 °C are recommended as more preferable drying temperatures. If the 
temperature is in the range of 80 to 150 °C, AJ-X 1 at the surface of the underlying layer or Al-X' and Si-X in the two- 
component system react appropriately with moisture so that active hydrogens at the surface of the underlying layer 
increase, while excessive decomposition is suppressed. 

[0085] On the other hand, sintering in the sintering step performed at the final stage of fabrication is performed 
30 desirably at a temperature of 300 *C or more, preferably at temperatures of 300 °C to 500 °C, and more preferably at 
temperatures of 400 °C to 500 °C. If the temperature is less than 300 °C, the polymerization reaction of X'-fAlOX*),,- 
AIX' 2 as the component of the underlying layer or the polymerization reaction of X'^AIOX'^-AIX^ and X-(SiOX 2 ) n -SiX 3 
does not proceed satisfactorily so that the resulting underlying layer has low hardness and a week bonding force relative 
to the base material. If the sintering temperature is adjusted to 500 *C or more, on the other hand, the underlying layer 
35 forming material or the silane-based compound as the component of the thin film may be decomposed. If consideration 
is given to both sintering efficiency and decomposition, therefore, sintering is performed desirably at temperatures of 
400 0 Cto500*C. 

[0088] The foregoing solution containing the silane-based compound indicates a solution containing a silane-based 
compound dissolved in a solvent. However, part of the silane-based compound may be in an undissolved state. As a 
40 typical example of the solution, a solution in a supersaturated state may be listed. 

[0087] In the fabrication method of the present invention, the compounds represented by the following general for- 
mulae may be listed as examples of the compound represented by X-(SiOX 2 ) n -SiX 3 (where X is at least one functional 
group selected from the group consisting of a halogen, an alkoxy group, and an isocyanate group and n is an integer 
equal to or more than 0). 

45 [0088] Of the following compounds, alkoxysilane is particularly preferred for the reasons that a reaction of alkoxysi- 
lane with moisture and a polymerization reaction of alkoxysilane can be controlled easily with a temperature, alkoxysi- 
lane is easy to handle because it does not generate a toxic product such as a hydrochloric acid upon reaction with 
moisture, and the like. 

so (1 ) SiX 4 (corresponding to n = 0) 

(2) SiX 3 -0-SiX 3 (corresponding to n = 1) 

[0089] More specific compounds are: 

55 (3)Si(OC2H5) 4 

(4) Si(OCH3) 3 — 0-Si(OCH 3 )3 

(5) Si(0C 2 H 5 ) 3 --O-Si(0CH 3 ) 3 

(6) SKOCgHj)^ O-SKOCjjHj^ 
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(7) Si(NCO) 4 

(8) Si(NCO)3-0-Si(NCO)3 

(9) SiCI 4 

(10) SiCl3-0-SiCI 3 

(11) Si(OCH3) 3 -0»Si(OC 2 H 5 )3 



[0090] In the fabrication method of the present invention, the compounds represented by the following general for- 
mulae may be listed as examples of the compound represented by X?-(AIOX l ) n -AIX , 2 (where X' is an alkoxy group and 
n is an integer equal to or more than 0). 



(12) AIX' 3 (corresponding to n = 0) 

(13) AIX^-O-AIX'g (corresponding to n = 1) 



[0091] More specific compounds are: 



(14) AI(OC 2 H5) 3 

(15) AI(OCH3) 2 — 0-AI(OCH 3 )2 

(16) AI(OCH3) 2 — O-AKOCjxHsfe 

[0092] On the other hand, the following compounds can be shown as examples of the silane-based compound that 
can be used in the present invention: 



(ITJSiYpCI^ 

(18) CH^CH^OfCH^iYqCI^ 

(1 9) CHafCHgVSKCH^CH^-SiYqCI^ 

(20) CF^OOtCH^iYqCI^ 

(21) CH 3 -(CH 2 ) r SiY q CI 3 ^ 

where p is an integer of 0 to 3, q is an integer of 0 to 2, r is an integer of 1 to 25, s is an integer of 0 to 1 2, t is an integer 
of 1 to 20, u is an integer of 0 to 12, v is an integer of 1 to 20, and w is an integer of 1 to 25, Y is a hydrogen, an alkyl 
group, an alkoxyl group, a fluorine-containing alkyl group, or a fluorine-containing alkoxy group. 
[0093] The following compositions (22) to (34) can be shown as specific examples of the trichlorosilane-based com- 
pound: 



(22) CH 3 CH 2 0(CH 2 ) 15 SiCI 3 

(23) CH 3 (CH 2 ) 2 Si(CH 3 ) 2 (CH 2 ) 15 SiCI 3 

(24) CH 3 (CH 2 ) 6 Si(CH 3 ) 2 (CH 2 ) 9 SICI 3 

(25) CH 3 COO(CH 2 ) 15 SiCI 3 

(26) CF 3 (CF 2 ) r (CH 2 ) 2 -SiCi 3 

(27) CF 3 (CF 2 ) 5 -(CH 2 ) 2 -SiCI 3 

(28) CF 3 (CF 2 ) 7 -C 6 H 4 -SiCI 3 

(29) CF 3 (CH 2 ) 9 SiCI 3 

(30) CH 3 (CH 2 )90SiCI 3 

(31) CHafCH^SiJCH^CH^^iC^ 

(32) C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCI 3 

(33) C 6 H 5 -CO-CH=CH-C 6 H 4 -0-(CH 2 ) 6 -0-SiCl3 

(34) C 6 H 5 -CH=CH-CO-C 6 H 4 -0-(CH 2 ) 6 -0-SiCI 3 



[0094] The compound (32) has a cinnamoyl group as a photosensitive group and each of the compounds (33) and 
(34) has a chalconyl group as a photosensitive group so that the portions of the photosensitive groups are polymerized 
with the irradiation of UV light. 

[0095] In place of the chlorosi lane-based compound, there can also be used silane-based compounds each con- 
taining isocyanate as a main component, which are represented by the following general formulae (35) to (39) in each 
of which a chlorosilyl group is replaced with an isocyanate group: 



^SiYpfNCO)^ 

(SSJCH^CH^iYqfNCO)^ 

(37) CH^CH^OtCH^iYqJNCX))^ 
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OSJCHgtCH^-SKCH^CH^-SiY^NCO)^ 

(39) CFaCOOtCHaX^iY^NCO)^ 

where each of p, q, r, s, t, u, v, and w is the same as described above. 

[0096] The following compounds (40) to (47) can be shown as specific examples of the silane-based compound 
each containing isocyanate as a main component: 

(40) CH 3 CH20{CH2) 15 Si(NCO) 3 

(41 ) CH 3 (CH 2 )2Si(CH3) 2 (CH2) 15 Si(NCO)3 

(42) CH^CH^SKCH^CH^KNCOk 

(43) CH 3 COO(CH 2 ) 15 Si(NCO)3 
(^CH^CH^SKOCjHgfe 

(45) CF^CFaMCHak-SitNCO),, 

(46) CFatCFaJs-fCHgfe-SKNCOJa 

(47) CFafCFzVCWSKNCOk 

[0097] In the present invention, there can also be used silane-based compounds each containing alkoxy as a main 
component, each of which is represented by the general formula: 

SiYfctOA)^ 

(where Y is the same as described above, A is an alkyi group, and k is 0, 1,2, or 3). Of the silane-based compounds 
each containing alkoxy as a main component, those represented by: 

CF 3 -(CF 2 ) n -(R) | -SiY p {OA)^ p 

(where n is an integer equal to or more than 1 , preferably an integer of 1 to 22, R is an alkyl group, a vinyl group, an 
ethinyl group, an aryl group, or a substituent group containing a silicon or oxygen atom, 1 is 0 or 1 , and each of Y, A, 
and p is the same as described above) are superior in terms of increasing the anti-contamination property. 
[0098] However, the silane-based compounds each containing alkoxy as a main component which are usable in the 
present invention are not limited to the foregoing. There can also be used other silane-based compounds each con- 
taining alkoxy as a main component, which are represented by, e.g., the following general formulae: 

CH 3 -(CH 2 ) r -SiY q (OA) 3K| 



CH 3 .(CH 2 ) s -0-(CH 2 ) t -SiY q (OA)3^ 



CHg-tCHsjJ^SitCHaJjj-tCH^-SiY^OA)^ 



CF 3 COO-(CH 2 ) v -SiY q (OA)3. q 
(where each of p, q, r, s, t, u, v, w, Y, and A is the same as described above). 

[0099] The following compounds (47) to (71 ) can be listed as specific examples of the silane-based compounds each 
containing alkoxy as a main component: 

(47) CH 3 CH 2 0(CH2) 15 Si(OCH3)3 

(48) CF 3 CH 2 0(CH 2 ) 15 Si(OCH 3 ) 3 

(49) CH 3 (CH 2 ) 2 Si(CH 3 ) 2 (CH 2 ) 15 Si(OCH 3 ) 3 
(SOJCHalCH^Si^H^tCH^QSilOCH^ 
(SIJCHatCH^SKNCOJa 

(52) CHaCOOtCH^^SilOCH^ 

(53) CF^CF^CH^KOCHak 
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(54) CFatCFaJrCshU-SKOCHafe 

(55) CHsCHaOfCHj^sSKOCaHsk 
(SejCHafCHafeSKCHa^CH^sSKOCaHsk 
(STJCHalCHaJeSKCH^^CH^gSifOCgH^a 

(58) CFatCHaJeSKCHaJ^CHaJgSKOCjHsJa 

(59) CHaCOOtCH^sSKOCjH^ 

(60) CFaCOOfC^^SKOCaH^ 

(61) CFaCOOtCHaJ^SKOCHaJa 

(62) CF3(CF 2 )9(CH 2 ) 2 Si(OC 2 H 5 )3 

(63) CF^CFaMCH^KOCaH^ 

(64) CFstCFaJstCHa^KOCgH^ 

(65) CFatCFaJrCe^SKOCaHsk 

(66) CFafCF^CHa^KOCH^ 

(67) CFatCFafefCHaJaSKOCHafe 

(68) CFafCFaMCHjJaSiCHgfOCgH^ 

(69) CFatCF^CH^iCHafOCH^a 

(70) CF^CF^CH^KCHgfeOCaHs 

(71) CFa^FaMCHa^ifCHaJaOCHa 

[0100] If the compounds (20) to (71) shown as the examples of the silane-based compounds each containing iso- 

cyanate or alkoxy as a main component are used, the advantages are offered that the apparatus suffers no damage 

and easy operation can be performed since no hydrochloric acid is generated during chemical bonding. 

[0101] Descriptions will be given next to the process of forming the thin film on the surface of the base material by 

using the silane-based compound and to the solvent and base material as elements for implementing the present 

invention. The following chemical formulae show reactions occurring when CF 3 -(CFa)7-(CHa)a-SiCl3 is 

brought into contact with the substrate made of glass (glass plate). It is assumed that the underlying layer has already 

been formed on the glass substrate. 

CF 3 (CF 2 ) 7 (CH 2 ) 2 SiCI 3 + HO — Glass Substrate 



CI 
I 

-MZF3 (CF2) 7 (CHI) 2Si — O— Glass Substrate* HQ 

I 

CI 



OH 

H20 Hydrolysis | 

-»CF3 (CF2) 7 (CH2) 2Si -Glass Substrate + 2HQ 

I 

OH 



16 



EP 1 153 740 A1 



o- 

Dehydration | 

-*CF3 (CF2) 7 (CH2) 2Si -O- Glass Substrate + H20 



10 [0102] The reaction step (dehydrochlorination reaction) shown in the first chemical reaction formula is a reaction 
generally termed a chemical adsorptive reaction. When a silane-based compound solution is brought into contact with 
the base material having OH groups, the dehydrochlorination reaction occurs so that one end of a molecule of the 
silane-based compound is chemically bonded to the portions of the OH groups. Since the reaction occurs between the 
SiCI groups of the silane-based compound and the OH groups, the reaction with the base material is inhibited if a large 

15 amount of water is contained in the silane-based compound solution. To cause the reaction to proceed smoothly, a 
non-aqueous solvent not containing active hydrogens such as OH groups is used preferably and the reaction preferably 
proceeds in an atmosphere low in humidity. Humidity conditions will be described in detail in the experimental section 
described below. 

[01 03] As examples of the solvent for the silane-based compound which can be used property in the present inven- 

20 tion, there can be listed a hydrocarbon-based solvent, a ftuorocarbon-based solvent, a silicone-based solvent, and the 
like, each of which does not contain water. As usable examples of a petroleum-based solvent, there can be listed 
petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzine, isoparaffin, normal paraffin, decalin, indus- 
trial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alky! denaturated silicone, polyester silicone, and 
the like. As the fluorocarbon-based solvent, there can be used a fluorocarbon-based solvent, Florinate™ (commercially 

25 available from SUMITOMO 3M Co., Ltd.), Aflude™ (commercially available from Asahi Glass, Co., Ltd.), or the like. 
These solvents may be used either alone or two or more miscible ones of the solvents may be used in combination. 
[01 04] Requirements for the base material to which the present invention is applicable are such that a solution con- 
taining a compound represented by the composition formula of X'-fAIOX'^-AIXg (where X' is an alkoxy group and n is 
an integer equal to or more than 0) or a two-component solution containing a mixture of a compound represented by 

30 the composition formula of X-(SiOX 2 ) n -SiX3 (where X is at least onef unctional group selected from the group consisting 
of a halogen, an alkoxy group, and an isocyanate group and n is an integer equal to or more than 0) and a compound 
represented by the composition formula of X'-fAIOXVAIXg (where X' is an alkoxy group and n is an integer equal to 
or more than 0) can be coated, added, or attached (generally termed contact) to the based material arid that the base 
material should endure sintering. As examples of the base material which satisfy the requirements, there can be shown 

35 glass, ceramics, an aluminum oxide, or metal such as aluminum or stainless steel. It will easily be appreciated that the 
fabrication method of the present invention is also applicable to a plastic resin having heat resistance. 
[01 05] In the case of coating the functional film of the present invention as a liquid crystal alignment film onto a liquid 
crystal display device, the functional film can be fabricated in accordance with the following method. 
[01 06] First, the underlying layer is formed on the substrate formed with an electrode composed of an ITO or the like 

40 by the same procedure as described above (underlying-layer forming step). Subsequently, the functional film as the 
liquid crystal alignment film is formed on the underlying layer (thin-film forming step) and then the substrate is sintered 
(sintering step). 

[0107] After the sintering step, the substrate formed with the liquid crystal alignment film is cleaned with a cleaning 
agent (cleaning step) such that the un reacted silane-based compound is removed. As examples of the cleaning agent, 

45 there can be listed a hydrocarbon-based solvent, a fluorocarbon-based solvent, a silicone-based solvent, and the like, 
each of which does not contain water. As usable examples of the petroleum-based solvent, there can be listed petroleum 
naphtha, solvent naphtha, petroleum ether, petroleum benzine, isoparaffin. normal paraffin, decalin, industrial gasoline, 
kerosene, ligroin, dimethyl silicone, phenyl silicone, alkyl denaturated silicone, polyester silicone, and the like. As the 
fluorocarbon-based solvent, there can be used a fluorocarbon-based solvent, Florinate™ (commercially available from 

so SUMITOMO 3M Co., Ltd.), Aflude™ (commercially available from Asahi Glass, Co., Ltd.), or the like. These solvents 
may be used either alone or two or more miscible ones of the solvents may be used in combination. Chloroform is 
particularly preferred because of its excellent drying property after cleaning. On the other hand, N-methyl-2-pyrrolidi- 
none is excellent in the removability of a chlorosilane polymer produced as a result of the reaction between chlorosilane 
and water in the thin-film forming step or the sintering step. 

55 [0108] Subsequently, the cleaning agent is drained after the cleaning step. At this time, the substrate is raised such 
that the direction of drainage of the cleaning agent is generally coincident with the direction of an alignment treatment 
performed with respect to the liquid crystal alignment film (drainage alignment direction). This allows film constituent 
molecules composing the liquid crystal alignment film to be tilted in the direction of drainage and provisionally aligned. 
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The cleaning agent is removed by further drying the substrate. 

[0109] Then, the liquid crystal alignment film in which the molecules are provisionally aligned in the direction of 
drainage is subjected to the alignment treatment If the film constituent molecules composing the liquid crystal alignment 
film have photosensitive groups, e.g., the alignment treatment is performed by irradiating the liquid crystal alignment 

5 film with polarized UV light (polarized-light alignment step). At this time, the direction of drainage has been adjusted 
to be nearly coincident with the direction of polarization of the polarized UV light. As a result, the photopolymerization 
reaction between the photosensitive groups causes crosslinking along the direction of polarization and fixes the align- 
ment of the film constituent molecules. As examples of the photosensitive groups, there can be shown a cinnamoyl 
group shown in the following chemical formula (5), a chalconyl group shown in the following chemical formula (6), and 

10 the like: 



15 



20 




[0110] When the photosensitive groups are irradiated with the polarized UV light, the structure results in which the 
adjacent film constituent molecules are crosslinked via at least one of the bonds of the C-C double bonded portion in 
the chemical formulae (5) or (6). If consideration is given to the sensitivity of the chalconyl group to the polarized UV 

30 light which is higher than that of the cinnamoyl group to the polarized UV light, the chalconyl group is used preferably 
as the photosensitive group. This achieves a reduction in the dose of the polarized UV light and a reduction in tact 
time in the polarized-light alignment step. Preferable conditions for the irradiation with the polarized UV light are such 
that the wavelengths of the polarized UV light are distributed in the vicinity of 300 to 400 nm and the dose is in the 
range of about 50 to 2000 rnJ/cm 2 at a wavelength of 365 nm. In particular, a homogeneous alignment structure is 

35 achieved at a dose of 1 000 mJ/cm 2 or more. On the other hand, a pretilt alignment structure is achieved at a dose less 
than 100 mJ/cm 2 . 

[0111] If the film constituent molecules composing the liquid crystal alignment film contain no photosensitive group, 
a rubbing treatment is performed instead of implementing a light alignment method. In this case also, the direction of 
drainage is adjusted to be nearly coincident with the direction of the rubbing treatment. This obviates the necessity for 
40 strong rubbing since the film constituent molecules have been preliminarily aligned in the direction of the rubbing 
treatment. Compared with the conventional rubbing treatment, less strict rubbing conditions are satisfactory. Preferable 
rubbing conditions in the rubbing treatment are such that the width and depth of a groove portion resulting from rubbing 
are nearly in the range of 0.01 to 0.5 u. m. 

[01 12] The content of the present invention will be described specifically with reference to Examples. 

45 

(Example 1) 

[0113] The present example corresponds to a functional film according to a first embodiment. As a compound rep- 
resented by X-(SiOX 2 ) n -SiX 3 (where X is at least one functional group selected from the group consisting of a halogen, 

50 an aikoxy group, and an isocyanate group and n is an integer equal to or more than 0), Si(OC 2 H 5 ) 4 was prepared and 
an underlying layer solution containing SKOC^sVHCI/water/isopropylalcohol = 1/0.01/5/25 (at a molar ratio) was 
produced. The underlying layer solution is coated on the surface of a glass plate by immersing the glass plate in the 
underlying layer solution and raising it at a speed of 1 mm/second and then dried at a temperature of 80 °C for 15 
minutes, whereby an unsintered underlying layer composed of Si(OC 2 H 5 ) 4 was formed on the surface of the glass plate. 

55 [01 14] Then, C 8 F 17 C 2 H 4 SiCl3 was prepared as the si lane-based compound and a si lane-based compound solution 
containing C 8 F 17 C 2 H 4 SiCl3/C e F 18 = 1/99 (at a volume ratio) was produced. The silane-based compound was coated 
onto the surface of the glass plate by immersing the glass plate formed with the underlying layer (unsintered) in the 
silane-based compound solution and raising it at a speed of 1 mm/second in an anhydrous atmosphere at a relative 
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humidity of 5% or less. Thereafter, the solvent (C 8 F 18 ) on the surface of the glass plate was evaporated therefrom and 
the glass plate was sintered at 400 °C for 1 5 minutes, whereby a base material A1 having the functional film was 
fabricated. 

[0115] FIGS. 1 are conceptual views illustrating the flow of the fabrication method. Fig. 1 (a) shows the state in which 
5 SKOCgHg^ as the component of the underlying layer is hydrofyzed when the underlying layer solution is coated on 
the glass plate and dried so that OH groups have been introduced. FIG. 1 (b) shows the state in which the silane-based 
compound (CgF^cy^SiCy is chemically adsorbed to the portions of the OH groups when the silane-based compound 
solution is coated on the underlying layer. FIG. 1 (c) shows the state in which the component of the underlying layer is 
polymerized by sintering the substrate. 
10 [0116] It is assumed herein below that a glass plate formed with a functional film will be referred to as a substrate 
and a method of performing sintering after the coating of the silane-based compound solution without performing sin- 
tering during the formation of the underlying layer will be referred to as a post-sintering method. 

(Comparative Example 1) 

15 

[0117] A substrate B1 having a functional film was fabricated in the same manner as in Example 1 except that an 
underlying layer (sintered underlying layer) was formed in accordance with a method of sintering the glass plate coated 
with the underlying layer solution at 400 °C for 15 minutes, instead of drying it at BO °C for 1 5 minutes, and that post- 
sintering at 400 °C for 15 minutes was not performed with respect to the glass plate coated with the silane-based 
20 compound solution. 

[01 18] FIGS. 2 are conceptual view of the method. FIG. 2(a) shows the state in which Si(OC2H 5 ) 4 as the component 
of the underlying layer is hydrofyzed when the underlying layer solution is coated on the glass plate and dried so that 
OH groups have been introduced. FIG. 2(b) shows the state in which the OH groups at the surface of the underlying 
layer were partly lost as a result of the sintering of the underlying layer. FIG. 2(c) shows the state in which the silane- 
25 based compound (C 8 F 17 C 2 H 4 SiCl3) was chemically adsorbed to a reduced number of OH groups. 

[0119] It is assumed herein below that Comparative Example 1 is a method according to the prior art technology and 
sintering performed during the formation of the underlying layer in accordance with the method will be referred to as 
a pre-sintering method. 

30 (Comparative Example 2) 

[0120] A substrate C1 having a functional film according to Comparative Example 2 was fabricated by using an 
unprocessed glass plate having no underlying layer, immersing the glass plate in the silane-based compound solution, 
raising it at a speed of 1 mm/second, and evaporating CgF 18 . FIGS. 3 are conceptual views of the method. 
35 [0121] FIG. 3(a) shows OH groups present at the surface of the glass substrate. FIG. 3(b) shows the state in which 
the silane-based compound (CgF^-C^SiCI^ was chemically adsorbed to a reduced number of OH groups. 

[Conditions for Film Fabrication and Resistances] 

40 [01 22] The relations among the presence or absence of the underlying layer, different sintering conditions, and con- 
tact angles were examined by using the foregoing substrates A1 , B1 , and C1 . The contact angles were measured as 
follows. Each of the substrates A1 to C1 was rubbed 10000 times by using a sponge for washing dishes with the 
application of a load of 2 kgf, while contamination on the substrate was removed by ultrasonic cleaning using ethanol 
every 2000 rubs. Thereafter, 1 0 uJ of water was applied dropwise to the surface of each of the substrates formed with 

45 the coating and the contact angle was measured. FIG. 4 shows the results of measurement. 

[0123] As is obvious from FIG. 4, the substrate A1 (Example 1) fabricated in accordance with the method of the 
present invention had a large initial contact angle and the lowering of the contact angle was barely recognized even 
after it was rubbed by using the sponge. By contrast, the substrate B1 (Comparative Example 1 ) fabricated in accord- 
ance with the pre-sintering method had an initial contact angle smaller than that of the substrate A1 and the contact 

so angle had a tendency to significantly lower after it was rubbed by using the sponge. The substrate C1 (Comparative 
Example 2) having no underlying layer had an initial contact angle smallerthan that of the substrate B1 and the contact 
angle lowered significantly after it was rubbed by using the sponge. 

[01 24] The foregoing results have proved that the functional film with excellent water repel lency and high resistance 
can be formed in accordance with the fabrication method of the present invention. 
55 [0125] The foregoing results can be examined as follows. In the substrate A1 , the underlying layer was securely 
fixed to the substrate surface and the molecules of the silane-based compound were chemically bonded uniformly and 
strongly to the underlying layer to form a thin film of high quality. Therefore, it can be considered that the initial contact 
angle of the substrate A1 was large and the peeling of the thin film which might have induced the lowering of the contact 
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angle did not occur even after rubbing. It can also be considered that a coating lower in uniformity and bonding strength 
than that formed on the substrate A1 was formed on the substrate B1 having the pre-sintered underlying layer since 
the substrate surface had lost hydroxyl groups as a result of sintering. It can also be considered that a non-uniform 
thin film having the suspended molecules of the silane-based compound which were not bonded directly to the substrate 
5 was formed on the substrate C1 having no underlying layer since the substrate C1 had a reduced number of portions 
of active hydrogens to which the molecules of the silane-based compound were to be bonded. As a result, the substrate 
C1 had the small initial contact angle and lower resistance to rubbing. 

(Example 2) 

w 

[0126] A substrate D1 according to Example 2 was fabricated in the same manner as in Example 1 described above 
except that Si(NCQ) 4 was used in place of Si(OC 2 H 5 ) as a compound represented by X-(SiOX 2 ) n -SiX 3 (where X is at 
least one functional group selected from the group consisting of a halogen, an alkoxy group, and an isocyanate group 
and n is an integer equal to or more than 0). 

15 

[Different Components of Underlying Layers and Resistances] 

[01 27] The substrate A1 according to Example 1 and the substrate D1 according to Example 2 were allowed to stand 
in an atmosphere heated to 300 °C for 100 hours. In the mean time, contamination on each of the substrates was 
20 removed by ultrasonic cleaning using ethanol every 20 hours and then the contact angle was measured by applying 
dropwise 10 uJ of water to the surface of each of the substrates formed with a coating. Hereinafter, the method for 
measurement will be referred to as a heat resistance test method. 

[0128] The results of measurement are shown in FIG. 5. It is to be noted that the substrates A1 and D1 are different 
from each other only in materials composing the underlying layers thereof. 
25 [01 29] As is obvious from FIG. 5, the substrate A1 of Example 1 using Si(OC 2 H 5 ) 4 had an initial contact angle larger 
than that of the substrate D1 of Example 2 using Si(NCO) 4 and a time-varying reduction in the contact angle of the 
substrate A1 was smaller than that of the substrate D1. From the results, it will be understood that alkoxysilane is 
superior to isocyanatesilane as the component of the underlying layer in terms of enhancing water repellency and 
resistance of the functional film. 

30 

(Example 3) 

[0130] A substrate E1 according to Example 3 was fabricated in the same manner as in Example 1 except that 
c s F i7 C 2 H 4 s K oc 2 H 5)3 was used in P |ace °f C Q F 1 jC^SiC^ as the silane-based compound (thin-film component). 

35 

[Different Silane-based compounds and Resistances] 

[0131] The relationship between different thin-film components and resistances was examined in accordance with 
the heat resistance test method by using the substrates E1 of Example 3 and the substrate A1 of Example 1 . 
to [0132] FIG. 6 shows the results of measurement. As is apparent from FIG. 6, a time-varying reduction in the contact 
angle of the substrate A1 (Example 1 ) using C 8 F 17 C2H 4 SiCI 3 as the silane-based compound was smaller than that of 
the substrate E1 (Example 3) using C 8 F 17 C 2 H 4 Si(OC 2 H 5 ) 3 , though the initial contact angles of the two substrates were 
the same. From the results, it will be understood that a trichlorosilane-based compound is superior as the silane-based 
compound in terms of resistance. 

45 

(Example 4) 

[0133] A substrate F1 according to Example 4 was fabricated in the same manner as in Example 1 except that 
hexamethyldisiioxane (straight-chain silicone) was used in place of CgF 18 . 

50 

[Different Solvents and Resistances] 

[0134] A comparison was made between the respective performances of the substrate F1 of Example 4 and the 
substrate A1 of Example 1 by using the heat resistance test method described above. 
55 [01 35] FIG. 7 shows the results of measurement. As is apparent from FIG. 7, a time-varying reduction in the contact 
angle of the substrate F1 (Example 4) using hexamethyldisiioxane as a solvent for dissolving the silane-based com- 
pound therein was smaller than that of the substrate A1 (Example 1) using C^q, though the initial contact angles of 
the two substrates were the same. From the results, it will be understood that hexamethylsiloxane is superior as the 



20 



EP1 153 740 A1 



solvent for dissolving the silane-based compound therein in terms of providing the functional film resistant to a high 
temperature. 

[01 36] The same results as shown above were obtained when cyclohexamethyttrisiloxane (cyclic silicone) was used. 
5 (Example 5) 

[0137] A substrate G1 according to Example 5 was fabricated in the same manner as in Example 1 except that 
C 10 H 21 SiCI 3 was used as the silane-based compound. 

10 (Example 6) 

[0138] AsubstrateHI according to Example 6 was fabricated in the same manner as in Example 1 except that SiCI 4 
was used as the silane-based compound. 

is [Anti-Contamination Property Test] 

[0139] An anti-contamination property test was conducted on each of the substrates G1 (Example 5), H1 (Example 
6), and A1 (Example 1) to compare the respective performances of the coatings on the substrates G1 , H1 , and A1 . 
The following is a method for the anti-contamination property test. First, 0.2 cc of a syrup composed of sugar/soy sauce 
20 =1/1 (weight ratio) is applied dropwise onto each of the substrates and baked at 300 *C for 15 minutes. Thereafter, 
the sticked syrup is wiped off with wet cloth. Then, 0.2 cc of the syrup is applied again onto each of the substrates and 
baked at 300 Q C for 15 minutes. The sticked syrup is wiped off in the same manner as described above. The cycle 
was repeatedly performed till the sticked syrup could not be wiped off any more and the number of cycles was counted. 
Table 1 shows the results of counting. 

25 

Table 1 



Name of Substrate 


A1 


G1 


H1 


Number of Cycles Counted After Final Baking 


28 


12 


1 



30 

[01 40] If the results of Table 1 are listed in order of decreasing anti-contamination property in the relationship between 
the type of the silane-based compound and the anti-contamination property, C 8 F 17 C 2 H 4 SiCI 3 (Substrate A1) » 
C 10 H 21 SiCI 3 (Substrate G1) » SiCI 4 (Substrate H1) is satisfied to indicate that C 8 F 17 C 2 H 4 SiCl3 and C 10 H 21 SiCI 3 had 
excellent anti-contamination properties. Of the two, C 8 F 17 C 2 H 4 SiCI 3 had a more excellent anti-contamination property. 
35 On the other hand, SiCI 4 had substantially no anti-contamination property. 

[0141] From the results, it can be concluded that the use of the silane-based compound having an alkyl group or a 
fluoroalkyl group is preferable for improving the anti-contamination property 

[Experiment] 

40 

[0142] Each of the foregoing examples has performed the immersion and raising of the substrate in and from the 
silane-based compound solution in the anhydrous atmosphere. Here, the influence of a humidity in the ambient at- 
mosphere during the coating of the silane-based compound solution onto each of substrates formed with the underlying 
layer was examined. In accordance with the method used for the experiment, the substrates formed with functional 

45 films are fabricated in the same manner as in Example 4, except that the method is implemented by providing the 
relative humidity in the ambient atmosphere during the immersion and raising of the substrates in and from the silane- 
based compound solution with eight settings of 5, 10, 15, 20, 25, 30, 35, and 40% and the outer appearances of the 
substrates during and after the formation of the functional films are observed by the naked eye. 
[0143] When the substrates fabricated under the individual humidity conditions were observed, the substrates having 

so the same outer appearances as in the anhydrous atmosphere (5% or less) were obtained under the humidity conditions 
of 30% or less. Under the humidity conditions of 40% or more, by contrast, white products assumed to be the reaction 
products between water in the atmosphere and the silane-based compounds were recognized. Such a white product 
was barely observed at the humidity of 35%. From the foregoing, it can be concluded that the contact of the silane- 
based compound solution with the substrate is performed preferably in an atmosphere at a relative humidity of 35% 

55 or less. 
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(Example 7) 

[0144] The present example corresponds to a functional film according to a second embodiment. 
[0145] As a compound represented by X , -(AIOX') n -AIX , 2 (where X' is an alkoxy group and n is an integer equal to or 
5 more than 0), AKOCgHg^ was prepared and the underlying layer solution containing AKOCgH^^Cl/water/isopropyl 
alcohol = 1/0.01/5/25 (at a molar ratio) was produced. An unsintered underlying layer composed of AI(OC 2 H 5 ) 3 was 
formed on a surface of a glass plate by immersing the glass plate in the underlying layer solution, raising it therefrom 
at a speed of 1 mm/second, and drying it at a temperature of 80 °C for 15 minutes. 

[01 46] Next, C 8 F 17 C2H 4 SiCI 3 and C^Fjg were prepared as a silane-based compound and as a solvent for dissolving 
10 the compound therein, respectively, so that a silane-based compound solution having a composition ratio (at a volume 
ratio) of C 8 F 17 C 2 H 4 SiCl3/C 8 F 18 = 1/99 was produced. Then, the silane-based compound solution was coated on the 
surface of the glass plate by the technique of immersing the glass plate formed with the underlying layer (unsintered) 
in the silane-based compound solution and raising it therefrom at a speed of 1 mm/second in an anhydrous atmosphere 
at a relative humidity of 5% or less. Thereafter, the solvent (CqF 18 ) on the surface of the glass plate was evaporated 
is therefrom and the glass plate was sintered at 400 °C for 1 5 minutes, whereby a substrate-A2 having a functional film 
was fabricated. 

[0147] FIGS. 8 are conceptual views for illustrating the flow of the fabrication method. FIG. 8(a) is a view diagram- 
matical fy showing the state of the underlying layer when the underlying layer solution is coated and dried on the glass 
plate. When the underlying layer solution is coated and dried at a temperature not more than the sintering temperature, 

20 as shown in FIG. 8(a), AlfOC^H^ molecules located near the surface of the glass plate are bonded to OH groups at 
the surface of the glass plate by a dealcohol reaction (-O-), while the majority of AI(OC 2 H 5 ) 3 molecules which are not 
bonded to the OH groups at the substrate react with ambient moisture (e.g., humidity in the atmosphere) present in 
an extremely small amount. This causes the underlying layer to be bonded and fixed to the substrate and increases 
the OH groups at the surface of the underlying layer. 

25 [0148] FIG. 8(b) is a diagrammatic view showing the state of the underlying layer coated with the silane-based com- 
pound solution , in which the silane-based compound (C 8 F 17 C2H 4 SiCl3) is chemically bonded (adsorbed) to the portions 
of the OH groups at the surface of the underlying layer. FIG. 8(c) is a view showing the state of the substrate after 
sintering, in which the constituent molecules of the underlying layer are polymerized. 

[0149] Hereinafter, a glass plate formed with a functional film will be referred to as a substrate and a method of 
30 performing sintering after the coating of the silane-based compound solution without performing sintering during the 
formation of the underlying layer will be referred to as a post-sintering method. 

(Comparative Example 3) 

35 [01 50] A substrate- B2 having a functional film was fabricated in the same manner as in Example 7 described above 
except that the underlying layer (sintered underlying layer) was formed in accordance with a method of sintering the 
glass plate coated with the underlying layer solution at 400 P C for 15 minutes, instead of drying it at 80 *C for 15 
minutes, and that post-sintering at 400 °C for 1 5 minutes was not performed with respect to the glass plate coated with 
the silane-based compound solution. 

40 [0151] FIGS. 15 are conceptual views of the method. FIG. 1 5(a) diagrammaticalry shows the state of the glass plate 
on which the underlying layer solution has been coated and dried, which is similar to FIG. 1 (a). FIG. 15(b) shows the 
state of the sintered underlying layer in which the OH groups at the surface of the underlying layer have been partly 
lost as a result of sintering the underlying layer. FIG. 1 5(c) shows the silane-based compound (C 8 F 17 C 2 H 4 SiCl3) chem- 
ically adsorbed to a reduced number of OH groups. 

45 [0152] It is to be noted that the method of Comparative Example 3 relates to the prior art technique and sintering 
performed during the formation of the underlying layer will be referred to as pre-sintering method. 

(Comparative Example 4) 

so [0153] A substrate-C2 having a functional film according to Comparative Example 4 was fabricated by using an 
unprocessed glass plate having no underlying layer, immersing the glass plate in the silane-based compound solution, 
raising it therefrom at a speed of 1 mm/second, and evaporating C 8 F 18 . FIGS. 16 are conceptual views for illustrating 
the method. 

[0154] FIG. 16(a) is a view showing the state of the glass surface. FIG. 16(b) is a view showing the surface of the 
55 glass plate coated with AlfOC^H^ as the component of the underlying layer. When the silane-based compound 
(C 8 F 17 C 2 H 4 SiCl3) for forming a coating was coated directly on the glass, the silane-based compound (C 8 F 17 C 2 H 4 SiCl3) 
is chemically adsorbed to a reduced number of OH groups present at the glass substrate, as shown in FIG. 1 6(b), so 
that a coating at a low density is formed. 
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[Conditions for Film Formation and Resistances] 

[0155] The relations among the presence or absence of the underlying layers, different sintering conditions, and 
contact angles were examined by using the foregoing substrates- A2, B2, and C2. The contact angles were measured 

5 as follows. Each of the substrates-A2 to C2 was rubbed 50000 times by using a sponge for washing dishes with the 
application of a load of 2 kgf, while contamination on the substrate was removed by ultrasonic cleaning using ethanol 
every 5000 rubs. Thereafter, 1 0 pj of water was applied drop wise to the surface of each of the substrates formed with 
the coating and the contact angle was measured. Hereinafter, the method for measurement will be referred to as a 
rubbing resistance test method. FIG. 9 shows the results of measurement. 

10 [0156] As is obvious from FIG. 9, the substrate-A2 (Example 7) fabricated in accordance with the method of the 
present invention had a large initial contact angle and the lowering of the contact angle was barely recognized even 
after it was rubbed by using the sponge. By contrast, the substrate-B2 (Comparative Example 3) fabricated in accord- 
ance with the pre-sintering method had an initial contact angle smaller than that of the substrate- A2 and the contact 
angle had a tendency to lower after it was rubbed by using the sponge. The substrate-C2 (Comparative Example 4) 

15 had an initial contact angle smaller than that of the substrate-B2 and the contact angle lowered significantly after it 
was rubbed by using the sponge. 

[01 57] The foregoing results have proved that the functional film with excellent water repellency and high resistance 
can be formed in accordance with the fabrication method of the present invention. 

[0158] The foregoing results will be examined based on FIGS. 8, 15, and 16. The reason for the superior contact 
20 angle and rubbing resistance of the substrate-A2 which had not been pre-sintered may be that a high-quality thin film 
in which the molecules of the silane-based compound were chemically bonded uniformly and densely was formed on 
the surface of the underlying layer due to the high density of the OH groups during the coating of the coating forming 
solution and the constituent molecules of the underlying layer and the constituent molecules of the coating were po- 
lymerized by sintering performed subsequently to form a solid structure. 
25 [0159] On the other hand, the reason for the rubbing resistance and the like of the substrate-B2 having the pre- 
sintered underlying layer which were inferior to those of the substrate-A2 may be that a non-uniform coating having a 
reduced number of bound points was formed because the substrate surface lost hydroxy! groups due to pre-sintering. 
The reason for the small initial contact angle and low resistance to rubbing of the substrate-C2 using the glass substrate 
having no underlying layer without any alterations may be that a non-uniform thin film having suspended molecules of 
30 the silane-based compound which were not bonded directly to the substrate was formed because the substrate-C2 
had a reduced number of portions of active hydrogens to which the molecules of the silane-based compound were to 
be bonded. 

(Example 8) 

35 

[0160] The present example corresponds to a functional film according to a third embodiment. As a mixture (hydro- 
lyzable) of a compound represented by X-(SiOX2) n -SiX 3 (where X is at least one functional group selected from the 
group consisting of a halogen, an alkoxy group, and an isocyanate group and n is an integer equal to or more than 0) 
and a compound represented by X'-(AIOX , ) n -AIX , 2 (where X' is an alkoxy group and n is an integer equal to or more 
40 than 0), a mixture of SKOCgHg) and AI(OC 2 H5) 3 was prepared so that two-component underlying layer solutions at six 
mixture ratios of 1 0/90, 25/75, 50/50, 75/25, 90/1 0, 1 00/0 each of which is the mixture ratio between the two compounds 
represented as number of moles of Si / number of moles of Al (fraction/denominator). Then, an underlying layer was 
formed by using the two-component underlying layer solution. Except for that, substrates-D2, E2, F2, G2, H2, and 12 
according to Example 8 were fabricated in the same manner as in Example 7. 

45 

[Different Components of Underlying Layers and Rubbing Resistances] 

[0161] The difference in resistance between the substrates-A2 according to Example 7 and the substrates-D2 to 12 
according to Example 8 was examined in accordance with the rubbing resistance test method described above. FIG. 

so 1 o shows the results of measurement. 

[0162] As is obvious from FIG. 10, the substrate-A2 in which AI(OC 2 H 5 ) 3 was used alone was remarkably superior 
in initial contact angle and in rubbing resistance to the substrate-12 in which Si(OC2H 5 ) 4 was used alone. The time- 
varying reductions in contact angle of the substrates-A2 (Example 7), -D2, -E2, -F2, -G2, -H2, and -12 (substrates-D2 
to 12; Example 8) were in increasing order. 

55 [0163] The foregoing results have proved that a functional film with high abrasion resistance can be obtained if the 
compound represented by X'-fAIOXVAlX^ (where X' is an alkoxy group and n is an integer equal to or more than 0) 
is used alone. The reason for the contact angle reduced by rubbing may be that the substrate surface gradually loses 
the molecules (C 8 F 17 C 2 H 4 -) composing a surface-property modifying coating due to rubbing. From the foregoing, it 
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can be considered that the foregoing results reflect the strength and hardness of the underlying layer which decrease 
as the composition ratio of Si increases and, as a result, rubbing has significantly reduced the contact angle. 

[Different Components of Underlying Layers and Temperature Resistances] 

5 

[01 64] The difference in temperature resistance between the substrate-A2 according to Example 7 and the substrate- 
D2 according to Example 8 was examined in accordance with the heat resistance test method. Specifically, the sub- 
strates A2 and D2 were allowed to stand in an atmosphere heated to 300 °C for 1000 hours. In the meantime, con- 
tamination on each of the substrates was removed by ultrasonic cleaning using ethanol every 100 hours. Thereafter, 
io the contact angle was measured by applying dropwise 1 0 jxl of water to the surface of each of the substrates formed 
with a coating. FIG. 11 shows the results of measurement. 

[0165] As is apparent from FIG. 11 , the contact angles changed with time such that the substrate-12 (100/0) > the 
substrate-A2 (0/1 00) > the substrate-D2 (1 0/90) > the substrate-E2 (25/75) > the substrate-F2 (50/50) > the substrate- 
G2 (75/25) > the substrate- H2 (90/10) was satisfied and it was found that the contact angles of the substrates 12, A2, 

15 D2, E2, F2, G2, and H2 decreased in this order. 

The foregoing results have proved that heat resistance of water repellency improves if a mixture of a compound rep- 
resented by X-(SiOX 2 ) n -SiX 3 (where X is at least one functional group selected from the group consisting of a halogen, 
an alkoxy group, and an isocyanate group and n is an integer equal to or more than 0) and a compound represented 
by X , -(AIOX , ) n -AIX , 2 (where X' is an alkoxy group and n Is an integer equal to or more than 0) is used in the underlying 

20 layer solution. It has also been proved that a functional film with further higher heat resistance can be obtained if a Si/ 
Al ratio of the two-component underlying layer solution is adjusted to be 1 or more. The foregoing results are closely 
related to the density of the underling layer and it can be considered that a substrate having a denser underlying layer 
has higher temperature resistance. 

25 (Example 9) 

[0166] A substrate-J2 according to Example 9 was fabricated similarly to the substrate-H2 (Si/AI = 90/1 0) according 
to Example 8 except that, instead of Si(OC 2 H 5 ) 4 , Si(NCO) 4 was used as the compound represented by X-fSiOXg),,- 
SiX 3 (where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
30 an isocyanate group and n is an integer equal to or more than 0). 

[Types of Components of Underlying Layers and Resistances] 

[0167] The temperature resistances of the substrate-H2 according to Example 8 and the substrate-J2 according to 
35 Example 9 were examined by the heat resistance test method described above. FIG. 1 2 shows the results of the test. 
[0168] As is obvious from FIG. 12, the substrate-H2 of Example 8 using S\(OC 2 H£ 4 and At(OC 2 H 5 ) 3 as the compo- 
nents of the underlying layer had an initial contact angle larger than that of the substrate-J2 of Example 9 using Si 
(NCO) 4 and AI(OC 2 H 5 ) 3 and the contact angle of the substrate-H2 had a smaller change with time than that of the 
substrate-J2. The results have proved that the two-component underlying layer solution using alkoxysilane is superior 
40 to the two-component underlying layer solution using isocyanatesilane in terms of enhancing the water repellency and 
resistance of the functional film. 

(Example 10) 

45 [0169] A substrate-K2 according to Example 10 was fabricated in the same manner as in Example 7 except that 
C 8 F 17 C 2 H 4 Si(OC 2 H5)3 was used in place of C 8 F 17 C 2 H 4 SiCI 3 as the silane-based compound (main component of the 
functional film). In Example 10, a one-component underlying layer was used. 

[Different Silane-based compounds and Resistances] 

50 

[0170] By using the substrate-K2 according to Example 10 and the substrate-A2 according to Example 7, the rela- 
tionship between different thin-film components (main components of the functional films) and resistances was exam- 
ined by the heat resistance test method described above. FIG. 1 3 shows the results of the test. 
[0171] As is apparent from FIG. 13, the substrate-A2 (Example 7) using CgF-j^r^SiC^ as the silane-based com- 
55 pound had a remarkably smaller time varying reduction in contact angle than the substrate-K2 (Example 10) using 
C 8 F 17 C 2 H 4 S '(0C 2 H 5 ) 3 , though the initial contact angles of the two substrates were the same. From the results, it will 
be understood that a trichlorosilane-based compound is preferable as the silane-based compound as the main com- 
ponent of the functional film in terms of resistance. 
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(Example 11) 

[0172] A substrate- L2 according to Example 11 was fabricated In the same manner as In Example 7 except that 
hexamethyldisiloxane (straight-chain silicone) was used in place of C 8 F 18 as a solvent for dissolving the si lane-based 
s compound therein. 

[Different Silane-based compounds and Resistances] 

[0173] A comparison was made between the respective performances of the substrate-L2 of Example 11 and the 
10 substrate- A2 of Example 7 by using the heat resistance test method described above and the relationship between 
different solvents for dissolving the silane-based compound therein and resistances was examined. FIG. 14 shows the 
results of the test. 

[01 74] As is apparent from FIG. 1 4, the contact angle of the substrate-L2 (Example 1 1 ) using hexamethyldisiloxane 
had a smaller change with time than that of the substrate-A2 (Example 7) using C Q F 18 , though the initial contact angles 
is of the two substrates were the same. From the results, it will be understood that hexamethyldisiloxane is preferable 
as the solvent for dissolving the silane-based compound therein in terms of providing a functional film with high high- 
temperature resistance. 

[0175] The same results as described above were obtained when cyclohexamethyltrisiloxane (cyclic silicone) was 
used. 

20 

(Example 12) 

[0176] A substrate-M2 according to Example 12 was fabricated in the same manner as in Example 7 except that 
C 10 H 21 SiCl3 was used in place of C 8 F 17 C 2 H 4 SiCI 3 as the silane-based compound as the main component of the func- 
25 tional film. 

(Example 13) 

[0177] The substrate-N2 according to Example 13 was fabricated in the same manner as in Example 7 except that 
30 SiCI 4 was used in place of C 8 F 1 jC^SiC^ as the silane-based compound as the main component of the functional film. 

[Relationship between Type of Silane-based compound and Anti-Contamination Property] 

[01 78] By using the substrate- A2 (Example 7) t the substrate-M2 (Example 1 2), and the substrate-N2 (Example 1 3) 
35 which are different only in the type of the silane-based compound as the main component of the functional film, it was 
examined by the anti-contamination property test whether the anti-contamination property at a surface of each of the 
substrates is good or not. 

[0179] The anti-contamination property test was performed as follows. First, 0.2 cc of a syrup composed of sugar/ 
soy sauce =1/1 (weight ratio) is applied dropwise onto each of the substrates and baked at 300 °C for 15 minutes. 
40 Thereafter, the sticked syrup was wiped off with wet doth. Then, 0.2 cc of the syrup is applied again onto each of the 
substrates and baked at 300 °C for 15 minutes. The sticked syrup was wiped off in the same manner as described 
above. The cycle was repeatedly performed till the sticked syrup cannot be wiped off any more and the number of 
cycles was counted. Table 2 shows the results of counting. 

45 Table 2 



Name of Substrate 


A2 


M1 


N2 


Number of Cycles Counted Before Final Baking 


31 


13 


1 



so [0180] As is obvious from Table 2, the anti-contamination properties (in decreasing order) were such that the sub- 
strate-/^ (C 8 F 17 C 2 H 4 SiCI 3 ) » the substrate-M2 (C 10 H 21 SiCl3) » the substrate-N2 (SiCI 4 ) was satisfied. Compared 
with the substrate-N2, the substrate-A2 and substrate-M2 exhibited excellent anti-contamination properties, of which 
the anti-contamination property of the substrate-A2 was particularly excellent. From the results, it will be understood 
that a silane-based compound having an aikyl group or a fluoroaikyl group is preferably used to enhance the anti- 

55 contamination property of the functional film and, more preferably, the silane-based compound having the fluoroaikyl 
group is used appropriately. 
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[Influence of Humidity in Atmosphere during Fabrication] 

[0181] In Examples 7 to 13 described above, the immersion and raising of each of the substrates in and from the 
silane-based compound solution was performed in the anhydrous atmosphere at a relative humidity of 5% or more. 
5 However, the level of the relative humidity in the ambient atmosphere during the coating of the silane-based compound 
solution greatly affects the thin-film forming reaction. Accordingly, there was conducted an experiment for examining 
the influence of the humidity in the ambient atmosphere during the coating of the silane-based compound solution onto 
the substrate formed with the underlying layer. 

[01 82] In accordance with the method used for the experiment, the substrates formed with functional films are fab- 
10 ricated in the same manner as in Example 1 1 , except that the method is implemented by providing the relative humidity 
in the ambient atmosphere during the immersion and raising of the substrates in and from the silane-based compound 
solution with eight settings of 5, 10, 15, 20, 25, 30, 35, and 40% and the outer appearances of the substrates during 
and after the formation of the functional films are observed by the naked eye. 

[01 83] When the substrates fabricated under the individual humidity conditions were observed, the substrates having 
is the same outer appearances as in the anhydrous atmosphere (5% or less) were obtained under the humidity conditions 
of 30% or less. Under the humidity conditions of 40% or more, by contrast, white products assumed to be the reaction 
products between water in the atmosphere and the silane-based compounds were recognized. From the foregoing, it 
can be concluded that the contact of the silane-based compound solution with the substrate is performed preferably 
in an atmosphere at a relative humidity of 35% or less. 
20 [0184] A description will be given next to examples when the functional film of the present invention is applied to a 
liquid crystal alignment film. 

(Example 14) 

25 [0185] A liquid crystal display device according to the present example was fabricated in accordance with the fol- 
lowing method. First, as shown in FIG. 1 7, an underlying layer 7 was formed on a first substrate 3 having a first group 
of electrodes 1 formed in a matrix and a group of transistors 2 for driving the electrodes. 

[0186] Specifically, SifOC^H^ was prepared as a compound represented by X-(SiOX 2 ) n -SiK 3 (where X is at least 
one functional group selected from the group consisting of a halogen, an alkoxy group, and an isocyanate group and 

30 n is an integer equal to or more than 0) and an underlying layer solution containing Si(OC 2 H 5 ) 4 /HCI/water/isopropyla- 
Icohol = 1/0.01/5/25 (at a molar ratio) was prepared. The underlying layer solution was coated on the region of the first 
substrate 3 formed with the first group of electrodes 1 . At this time, the thickness of the coated film was adjusted to 
about 1 urn. Thecoatedfilm was further dried at 80 °C for 15 minutes to form the unsintered underlying Iayer7 composed 
of Si(OC 2 H 5 ) 4 on a surface of the first substrate 3 (underlying-layer forming step). 

35 [0187] Then, C 6 H 5 -CH=CH-CO-C 6 H 4 -0-(CH 2 ) 6 -0-SiCI 3 was prepared as a silane-based compound and hexame- 
thyldisiloxane was prepared as a solvent for dissolving the compound therein so that a 10~ 3 mol/L of silane-based 
compound solution containing C 6 H 5 -CH=CH-CO-C 6 H 4 -0-(CH 2 ) 6 -0-SiCI 3 /hexamethyldisloxane was prepared. The si- 
lane-based compound solution was coated by using a printer onto the first substrate 3 formed with the underlying layer 
7 (unsintered) in an anhydrous atmosphere at a relative humidity of 5% or less (thin-film forming step). The thickness 

40 of the solution film coated was adjusted to about 1 urn Thereafter, the solvent (hexamethyldisiloxane) remaining on 
the surface of the first substrate 3 was evaporated and a liquid crystal alignment film 4 was formed by sintering the 
first substrate 3 at 300 *C for 15 minutes (sintering step). 

[01 88] After the sintering step, the first substrate 3 formed with the liquid crystal alignment film 4 was immersed and 
cleaned in chloroform as a non-aqueous solvent (cleaning step). The first substrate 3 erected in a desired direction 
45 was raised from chloroform for the drainage of chloroform (drainage alignment step). This allowed the molecules com- 
posing the liquid crystal alignment film 4 to be aligned inclinedly in a direction of drainage opposite to the direction of 
raising. 

[0189] After the drainage alignment step, the liquid crystal alignment film 4 was irradiated with polarized UV light at 
400 mJ/cm 2 (wavelength: 365 nm) such that the direction of drainage was coincident with the direction of polarization 
50 (polarization alignment step), whereby the molecules composing the functional film as the liquid crystal alignment film 
4 were crosslinked at the portions of the photosensitive groups along the direction of polarization. In this manner, the 
functional film as the liquid crystal alignment film 4 in which the film constituent molecules were aligned in the direction 
of polarization was formed on the first substrate 3. 

[0190] On the other hand, the same steps as described above were performed with respect to a second substrate 
55 6 having a group of color filters 1 3 and a second electrode 14 successively provided thereon, whereby an underlying 
layer 5 and a liquid crystal alignment film 5 oriented in a specified direction as a result of an alignment treatment were 
formed. 

[0191] Further, beads were scattered on the first substrate 3 and an adhesive agent 8 with a spacer was coated on 
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the edge portions of the substrate 3 to present a frame-like coated configuration. Subsequently, the first and second 
substrates 3 and 6 were joined such that the first group of electrodes 1 and the second electrode 14 were in parallel 
relation and that a cell gap of about 5 u.m was provided therebetween. The first and second substrates 3 and 6 had 
been aligned preliminarily such that a relative cross angle of 90 °C was provided between the direction of the alignment 
5 treatment for the liquid crystal alignment film 4 provided on the first substrate 3 and the direction of the alignment 
treatment for the liquid crystal alignment film 5 provided on the second substrate 6. 

[0192] Then, a liquid crystal material was injected into the space between the first and second substrates 3 and 6 
so that a liquid crystal layer 1 0 having aTN alignment with a tilt angle of 90° was formed. The respective outer surfaces 
of the first and second substrates 3 and 6 are provided with polarizing plates 1 1 and 1 2 having the directions of optical 
10 axes adjusted to provide a normally white mode. In this manner, a TN-type liquid crystal display device O according 
to the present example was fabricated. 

[01 93] FIGS. 18 are conceptual views for illustrating the flow of the fabrication method. FIG. 1 8(a) is a view diagram- 
matically showing the state of the underlying layer 7 when the underlying layer solution was coated and dried on the 
first substrate 3. As shown in FIG. 18(a), when the underlying layer solution was coated and dried at a temperature 

15 not more than the sintering temperature, Si(OC 2 H 5 ) 3 molecules located near the surface of the first substrate 3 are 
initially bonded to OH groups at the surfaces of the first substrate 3 and the first group of electrodes 1 by a dealcohol 
reaction (-O-), while the majority of Si(OC2H 5 )3 molecules unbonded to the OH groups at the first substrate 3 react 
with ambient moisture present in an extremely small amount (e.g., a humidity in an atmosphere). This causes the 
underlying layer 7 to be bonded fixedly to the first substrate 3 and increases the OH groups at the surface of the 

20 underlying layer 7. 

[0194] FIG. 1 8(b) is a diagram showing the state of the silane-based compound solution coated on the underlying 
layer 7, in which the silane-based compound (C 6 H 5 -CH=CH-CO-C 6 H 4 -0-(CH 2 ) 6 -0-SiCl3) has been chemically bonded 
(adsorbed) to the portions of the OH groups at the surface of the underlying layer 7. FIG. 1 8(c) shows the state of the 
substrate after sintering, in which the constituent molecules of the underlying layer 7 have been polymerized. 

25 [0195] FIG. 1 8(d) is a diagram showing the state of the silane-based compound chemically adsorbed to the surface 
of the underlying layer 7 after drainage alignment, in which the constituent molecules of the liquid crystal alignment 
film 5 are aligned inciinedfy in the direction of the drainage of the cleaning agent. FIG. 18(e) is a view showing the 
aligned state of the liquid crystal alignment film 5 after the polarization alignment step, in which the photosensitive 
groups in the constituent molecules of the liquid crystal alignment film 5 are crosslinked along a direction parallel to 

30 the direction of polarization. 

(Comparative Example 5) 

[0196] A TN-type liquid crystal display device P was fabricated in the same manner as in Example 14 except that 
35 the underlying layer (sintered underlying layer) was formed in accordance with a method of sintering the first and 
second substrates coated with the underlying layer solution at 300 °C for 15 minutes, instead of drying it at 80 °C for 
15 minutes, and that post-sintering at 400 °C for 15 minutes was not performed. 

(Comparative Example 6) 

[0197] By using first and second substrates each having no underlying layer, a functional film as a liquid crystal 
alignment film was formed by coating the silane-based compound solution onto the substrates in the same manner as 
in Example 7 and evaporating hexamethyldisiloxane. Then, a TN-type liquid crystal display device Q according to 
Example 6 was fabricated in the same manner as in Example 14. 

[Film-Forming Conditions and Display Characteristics] 

[0198] By using each of the liquid crystal display devices O, P, and Q described above, the initial alignment of the 
liquid crystal and contrast for evaluating the display characteristics were examined. The results of the examination are 
50 shown in Table 3. 



55 
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(Table 3) 



Liquid crystal Display 
device 


0 


P 


Q 


Initial Alignment 


Aligned in Desired 
Direction 

No Alignment Defect 


Aligned in Desired 
Direction 

Some Alignment Defects 


Not Aligned in Desired 
Direction (No Alignment) 

Numerous Alignment 
Defects 


Contrast 


High 


Slightly Low 


Considerably Low 



Alignment Defect = Nonuniformity of Domain, Disclination 

15 

[0199] As is apparent from the table, no alignment defect was observed in the liquid crystal display device O using 
the functional film of the present invention as the liquid crystal alignment film. 

[0200] By contrast, the initial alignment of the liquid crystal and display characteristics of the liquid crystal display 
device Q were considerably degraded. This may be because surface hydroxy! groups having active hydrogens serving 
20 as adsorption sites for the si lane-based compound are rarely present at the ITO as the material of the electrodes on 
the surfaces of the first and second substrates. Therefore, it can be said that the effect of the present invention which 
increases the adsorption sites at which the silane-based compound is adsorbed to the underlying layer is extremely 
high even in the case where the functional film is used as the liquid crystal alignment film. 

[0201] The present inventors also examined the initial alignment and contrast of a liquid crystal display device fab- 

25 ricated in the same manner as in Example 14 except that the cleaning step and the drainage alignment step were not 
performed. In addition, the present inventors also examined a liquid crystal display device fabricated in the same 
manner as in Example 1 4 except that the direction of drainage in the drainage alignment step was made different from 
the direction of polarization in the polarization alignment step. As a result, it was proved that the molecules composing 
the liquid crystal alignment film were aligned in the direction of polarization and liquid crystal molecules adjacent the 

30 liquid crystal alignment film were also aligned in the direction of polarization. However, the initial alignment property 
and display characteristics equal to those of the liquid crystal display device O were not obtained. Then, the dose of 
the polarized UV light in the polarization alignment step was increased compared with the dose of the polarized UV 
light used in Example 14, with the result that characteristics closer to those of the liquid crystal display device O were 
obtained. From the foregoing, it is apparent that the dose of the polarized UV light can be reduced to a lower level than 

35 in the case where the conventional light alignment method is used by adjusting the direction of drainage of the cleaning 
agent to be in parallel with the direction of polarization of the polarized UV light. This may be because, during the 
irradiation with the polarized UV light, the photosensitive groups are susceptible to an anisotropic photoreaction in the 
direction of polarization as a result of preliminarily and temporarily aligning the film constituent molecules of the liquid 
crystal alignment film through the drainage of the cleaning agent such that they are in parallel relation with the direction 

40 of polarization, whereby the reduction in the dose of the polarized UV light was achieved. 

[0202] Liquid crystal display devices were fabricated in the same manner as in Example 7 by varying the composition 
of the hydrolyzable mixture of the compound represented by X-(SiOX2) n -SiX 3 (where X is at least one functional group 
selected from the group consisting of a halogen, an alkoxy group, and an isocyanate group and n is an integer equal 
to or more than 0) and the compound represented by X , -(AIOX , ) n -AIX , 2 (where X' is an alkoxy group and n is an integer 

45 equal to or more than 0). In either case, nearly the same initial alignment and display characteristics as those of the 
liquid crystal display device O were obtained. 

[0203] Even when liquid crystal display devices were fabricated in the same manner as in Example 1 4 by preparing 
Si(OC2Hs)4 and AlfOC^^ as the mixture (hydrolyzable) of the compound represented by X-(SiOX2) n -SiX 3 (where 
X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and an isocyanate 
50 group and n is an integer equal to or more than 0) and the compound represented by X'-fAIOX'^-AlX^ (where X' is an 
alkoxy group and n is an integer equal to or more than 0) and varying the composition ratio between the two compounds, 
it was found that nearly the same initial alignments and display characteristics as those of the liquid crystal display 
device O were obtained. 

55 (Example 15) 

[0204] A TN-type liquid crystal display device R according to Example 15 was fabricated in the same manner as in . 
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Example 14 except that C 6 H5-CH=CH-CO-0-(CH2) 6 -0-SiCI 3 (containing a cinnamoyl group) was used as a silane- 
based compound (thin-film component) in place of C 6 H 5 -CH=CH-C0-C 6 H 4 -O-(CH2)6-0-SiCI 3 (containing a chalconyt 
group). 

(Example 16) 

[0205] A TN-type liquid crystal display device S according to Example 16 was fabricated in the same manner as in 
Example 14 except that C 10 H 21 SiCI 3 (having no photosensitive group) was used as a silane-based compound (thin- 
film component) in place of C 6 H 5 -CH=CH-CO-C 6 H4-0-(CH 2 )6-0-SiCl3 (containing a chalconyl group). 

[Different Silane-based compounds and Display Characteristics] 



15 



20 



[0206] By using each of the TN-type liquid crystal display devices R and S according to Examples 15 and 16 and 
the liquid crystal display device O according to Example 14, the initial alignment of the liquid crystal and contrast as a 
display characteristic were examined, the results of which are shown in Table 4. 

(Table 4) 



Liquid crystal Display 
device 


O 


R 


S 


Initial Alignment 


Aligned in Desired 

Direction 

No Alignment 


Aligned in Desired 
Direction 


Not Aligned in Desired 
Direction 




Defect 


Some Alignment Defects 


Numerous Alignment 
Defects 


Contrast 


High 


Low 


Considerably Low 


Alignment Defect = Non uniformity of Domain, Disdi nation 



30 



35 



40 



[0207] As is obvious from Table 4, the silane-based compound having a chalconyl group is more excellent in the 
initial alignment of the liquid crystal and display characteristic than the silane-based compound having a cinnamoyl 
group. Even in the case of using the liquid crystal alignment film composed of the silane-based compound having the 
cinnamoyl group, however, it was found that the initial aligned state of the liquid crystal molecules and the display 
characteristics could be improved. This may be because the sensitivity of the photosensitive group to the polarized 
UV light of the chalconyl group is higher than that of the cinnamoyl group. It was also found that the liquid crystal 
molecules were not aligned in a desired direction and the alignment property was degraded in the liquid crystal display 
device S comprising the liquid crystal alignment film composed of the silane-based compound having no photosensitive 
group. From the foregoing, it can be considered that the liquid crystal molecules were aligned in the desired directions 
as a result of the polymerization of the photosensitive groups along the direction of polarization under the radiation of 
the polarized UV light 



45 
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(Example 17) 

[0208] A TN-type liquid crystal display device T was fabricated in the same manner as in Example 14 except that a 
rubbing alignment step was performed instead of the polarization alignment step. In a rubbing treatment, the direction 
of rubbing was made parallel to the direction of drainage alignment and the surface of the liquid crystal alignment film 
was rubbed at a speed of 500 m/iminutes and to a pushing depth of 0.4 mm by using nylon cloth (in which a fabric 
diameter is 1 6 to 20 ujti and the length of a pile is 3 mm). 

[Alignment Method and Display Characteristics] 



55 



[0209] By using each of the TN-type liquid crystal display devices T according to Example 1 7 and the liquid crystal 
display device O according to Example 14, the initial alignment of the liquid crystal and contrast as a display charac- 
teristic were examined, the results of which are shown in Table 5. 
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(Table 5) 




Liquid crystal Display device 


O 


T 


Initial Alignment 


Aligned in Desired Direction 
No Alignment Defect 


Aligned in Desired Direction 
No Alignment Defect 

Numerous Surface Scratches Were Observed 
Microscopically 


Contrast 


High 


High 


Alignment Defect = Nonuniforrnity of Domain, Disclination 



[021 0] As is obvious from Table 5, numerous rubbing lines were observed microscopically at the surface of the liquid 
crystal alignment film. However, the liquid crystal molecules were aligned in a desired direction and no alignment defect 
15 was observed, similarly to the liquid crystal alignment film O. In addition, display characteristics including high contrast 
were also obtained. 

[0211] By using, as the silane-based compound (thin-film component), C 10 H 21 SiCI 3 (having no photosensitive group) 
In place of C 6 H 5 -CH=CH-CO-C 6 H 4 -0-(CH 2 ) 6 -0-SiCl3 (containing a chateonyl group), it was examined whether or not 
the presence of a photosensitive group affects the initial alignment of the liquid crystal molecules and display charac- 

20 teristics in the liquid crystal display device T. As a result, the same initial alignment and display characteristics as those 
of the liquid crystal display device T were obtained even in the case of using C 10 H 21 SiCI 3 . Hence, it was concluded 
that the initial alignment of the liquid crystal molecules is attributable to the rubbing treatment. 
[0212] The present inventors also examined the initial alignment and contrast of a liquid crystal display device fab- 
ricated in the same manner as in Example 14 except that the cleaning step and the draining alignment step were not 

25 performed: In addition, the present inventors also examined a liquid crystal display device fabricated in the same 
manner as in Example 1 4 except that the direction of drainage in the drainage alignment step was made different from 
the direction of the rubbing treatment in the rubbing step. As a result, it was found that the molecules composing the 
liquid crystal alignment film were aligned in the direction of the rubbing treatment and the liquid crystal molecules 
adjacent the liquid crystal alignment film were also aligned in the direction of the rubbing treatment. However, the initial 

30 alignment property and display characteristics as excellent as those of the liquid crystal display device T were not 
obtained. Then, the rubbing conditions in the rubbing step were changed and strong rubbing was performed, with the 
result that characteristics closer to those of the liquid crystal display device T of Example 17 were obtained. In this 
case, however, rubbing dust was observed at the surface of the liquid crystal alignment film. From the foregoing, it is 
apparent that, by preliminarily adjusting the direction of drainage of the cleaning agent to be parallel with the direction 

35 of the rubbing treatment, less strong rubbing than in the conventional rubbing treatment is performed appropriately 
and the liquid crystal alignment film is prevented from being scraped. This is because the film constituent molecules 
becomes more likely to be aligned by the rubbing treatment as a result of preliminarily and temporarily aligning the film 
constituent molecules of the liquid crystal alignment film by draining the cleaning agent prior to the rubbing treatment 
such that the film constituent molecules are in parallel relation with the direction of the rubbing treatment. 

40 

[Experiment 2] 

[0213] Although each of the foregoing examples has described the case where the non-aqueous solvent was used 
as the cleaning agent in the cleaning step, water was used as a cleaning agent in the present experiment. In accordance 
45 with the method used for the experiment, liquid crystal alignment film was formed in the same manner as in Example 
14 except that the cleaning step was performed by using water as the cleaning agent. Further, the outer appearance 
of the liquid crystal alignment film formed was observed by the naked eye. 

[0214] As a result of observing the substrate fabricated in the cleaning step, a white product apparently resulting 
from the reaction between water and the silane-based compound was recognized, which could not be removed. From 
so the foregoing, it can be concluded that the cleaning step is preferably performed by using the non-aqueous solvent 
containing no water as the solvent. 

(Example 18) 

55 [0215] A liquid crystal display device was fabricated in the same manner as in Example 14 except that N-methyl- 
2-pyrrolidinone was used in place of chloroform as the cleaning agent in the cleaning step. 

[0216] In the present example, the removability of the unreacted silane-based compound present in excess in the 
cleaning step was observed. It was found that N-methyl-2-pyrrolidinone used in the present example was excellent in 
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removability compared with chloroform used In Example 14. Therefore, the use of N-methyl-2-pyrrolidinone in the 
cleaning step can improve massproducibility if consideration is given to the safety of the chemical. 

(Example 19) 

5 

[021 7] A liquid crystal display device U according to Example 1 9 was fabricated in the same manner as in Example 
14 except that a mixture obtained by mixing 1 mol% of C 8 F 17 C 2 H 4 SiCI 3 at a mixture ratio in C 6 H 5 -CH=CH-CO-C 6 H 4 - 
0-(CH2) 6 -0-SiCI 3 (containing a chalconyl group) was used as the silane-based compound (thin-film component). 

10 (Example 20) 

[0218] A TN-type liquid crystal display device V according to Example 20 was fabricated in the same manner as in 
Example 14 except that the dose of the polarized UV light was adjusted to 100 mJ/cm 2 , not to 400 mJ/cm 2 , in the 
polarization alignment step. 

15 

(Example 21) 

[021 9] A TN-type liquid crystal display device W according to Example 21 was fabricated in the same manner as in 
Example 14 except that the dose of the polarized UV light was adjusted to 1000 mJ/cm 2 , not to 400 mJ/cm 2 , in the 
20 polarization alignment step. 

[Alignment Mode of Liquid crystal] 

[0220] The pretilt angle of a liquid crystal molecule adjacent the liquid crystal alignment film was examined in each 
25 of the liquid crystaJ display devices U, V, W, and O according to Examples 1 9, 20, 21 , and 14, respectively, the results 
of which are shown in Table 6. 



(Table 6) 



Liquid crystal Display device 


O 


U 


V 


W 












Pretilt Angle 


3to5° 


85 to 90 ° 


5to10° 


1 ° or less 


Alignment 


Pretilt 


Homeotropic 


Pretilt 


Homogeneous 



35 

[0221] From the foregoing, it is apparent that the liquid crystal alignment film in which a homeotropic alignment is 
achievable can be formed by mixing 5 mol% or less of a silane-based compound having a fluoroalkyl group in the 
silane-based compound. 

[0222] It was observed that the irradiation of the functional film of the present invention with polarized UV light at a 
40 dose of 1 J/cm 2 (wavelength: 365 nm) in the polarization alignment step enabled the formation of the liquid crystal 
alignment film in which a homogenous alignment is achievable. It was also observed that a pretilt alignment with a 
pretilt angle of 5 to 1 0 ° optimum for a TN liquid crystal was achievable at a dose of 100 J/cm 2 or less. 
[0223] While the specific embodiments have been described in detail, such description is strictly for the purpose of 
clarifying the art of the present invention. It is to be understood that the present invention is not construed as limited 
45 to the specific embodiments and various changes and modifications may be made in practicing the invention without 
departing from the spirit thereof and the scope of the following claims. 

INDUSTRIAL APPLICABILITY 

so [0224] As described above, the present invention has adopted the fabrication method wherein the underlying layer 
having hydroxy! groups or the like is formed on a base material such as a glass plate, the silane-based compound is 
chemically adsorbed to the surface of the underlying layer which is not sintered, and then sintering is performed. The 
fabrication method allows a larger number of active hydrogens to be present at a surface of the underlying layer. The 
contact of the silane-based compound with the underlying layer allows high-density chemical bonding of the molecules 

55 of the silane-based compound. 

[0225] In accordance with the present invention, the underlying layer is set strongly and bonded securely to the base 
material by sintering performed at the final stage of fabrication. The fabrication method of the present invention allows 
the formation of a functional film bonded and fixed uniformly and strongly to the base material. Such a functional film 
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exerts a desired surface-property modifying effect such as water repellency or a liquid crystal aligning property over a 
long period of time. 

[0226] In accordance with the present invention, a compound represented by X-(SiOX) n -SiX 2 (where X is at least 
one functional group selected from the group consisting of a halogen, an alkoxy group, and an isocyanate group and 
5 n is an integer equal to or more than 0) is used as an underlying layer forming component. The use of the compound 
allows the formation of a remarkably solid underlying layer and hence allows the fabrication of afunctional film excellent 
in water repellency and rubbing resistance. 

[0227] In another embodiment of the present invention, a compound represented by X , -(AIOX') n -AIX , 2 (where X* is 
an alkoxy group and n is an integer equal to or more than 0) is used as an underlying layer forming component. The 
10 use of the compound allows the formation of a remarkably solid underlying layer and hence allows the fabrication of 
a functional film excellent in water repellency and rubbing resistance. 

[0228] In still another embodiment of the present invention, a two-component underlying layer forming component 
obtained by mixing a compound represented by X-(SiOX2) n -SiX 3 (where X is at least one functional group selected 
from the group consisting of a halogen, an alkoxy group, and an isocyanate group and n is an integer equal to or more 
than 0) and a compound represented by X'-(AIOX , ) n -AIX , 2 (where X* is an alkoxy group and n is an integer equal to or 
more than 0) is used as an underlying layer forming component This allows the formation of an excellent functional 
film having a desired surface-property modifying effect such as water repellency, which is resistant to heat degradation. 
[0229] If a drainage drying method and a polarized light irradiation method using U V light are applied to the functional 
film, a liquid crystal alignment film having a desired liquid crystal alignment property is obtained. 
20 [0230] If such a liquid crystal alignment film according to the present invention is used, a liquid crystal display device 
with excellent display performance can be provided. 

[0231] The fabrication method using X'-(AIOX') n - A,x, 2 8,006 315 tne underlying layer forming component is property 
applicable to, e.g., a cooking tool or the like which requires abrasive cleaning. The fabrication method using the two- 
component underlying layer forming solution containing X , -(AIOX , ) n -AIX' 2 and X-fSiOX^-SiXg is property applicable 
25 to, e.g., the bottom portion of an electric iron. The application provides an iron having a crease-removing function less 
likely to degrade over a long period of time. Hence, the present invention has great industrial significance. 
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A functional film formed on a surface of a base material with an underlying layer interposed therebetween, 
the underlying layer being a thin film composed of a hydrolyzable compound represented by 

X-(SiOX 2 ) n -SiX 3 



(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0), bonded fixedly onto the base material via a 
siloxane bond, and containing a structural unit represented by the following structural formula (1), 
40 the functional film being a thin film composed of a group of molecules of a silane-based compound each 

having an — O-Si bonding group in an end group thereof and chemically adsorbed to the underlying layer by 
chemical bonding 



I I 

— (Si — O) a— Si— • - - (1) 

I I 

o o 

I I 

(where n is an integer equal to or more than 0). 

A functional film formed on a surface of a base material with an underlying layer interposed therebetween, 
the underlying layer being a thin film composed of a hydrolyzable compound represented by 

X'-tAIOX'Jn-AlX^ 
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(where X' is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material 
via an — O-AI bond, and containing a structural unit represented by the following structural formula (2), 

the functional film being a thin film composed of a group of molecules of a silane-based compound each 
having an — O-Si bonding group in an end group thereof and chemically adsorbed to the underlying layer by 
chemical bonding 

- (Al-O) n-Al- • • • (2) 

0 O 

1 I 

(where n is an integer equal to or more than 0). 

A functional film formed on a surface of a base material with an underlying layer interposed therebetween, 
the underlying layer being a thin film composed of a hydrolyzable compound represented by 

X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0) and a hydrolyzable compound represented by 

XXAIOX'^-AIX',, 

(where X' is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material 
via a siloxane bond and an — O-AI bond, and containing structural units represented by the following structural 
formulae (1) and (2), respectively, 

the functional film being a thin film composed of a group of molecules of a silane-based compound each 
having an — O-Si bonding group in an end group thereof and chemically adsorbed to the underlying layer by 
chemical bonding 



l I 

- (Si— O) n— Si— • - - (1) 
I I 

0 o 

1 I 



- (Al— O) n-Al- 

I I * ' * (2) 

O O 

I I 

(where n is an integer equal to or more than 0). 

The functional film of any one of claims 1 , 2, and 3, wherein each of the molecules of the silane-based compound 
is a molecule of a trichlorosi lane-based compound. 

The functional film of any one of claims 1 to 4, wherein each of the molecules of the silane-based compound has 
a straight carbon chain. 

The functional film of claim 5, wherein the straight carbon chain has an alky! group or a fluoroalkyl group. 



33 



5 



10 



15 



20 



25 



30 



40 



55 



EP1 153740 A1 

7. The functional film of claim 5, wherein the straight carbon chain has a photosensitive group. 

8. The functional film of claim' 7, wherein a portion of the photosensitive group in the straight carbon chain is polym- 
erized fixedly in a desired direction. 

9. The functional film of claim 7 or 8, wherein the photosensitive group is a cinnamoyl group represented by the 
following chemical formula (3). 



^ ^-CH-CH-CO- 



(3) 



10. The functional film of claim 7 or 8, wherein the photosensitive group is a chalconyl group represented by the 
following chemical formula (4): 



^""^-CH-CH-CO-^ ^ 



(4) 



1 1 . The functional film of any one of claims 1 to 1 0, which is a thin film configured as a single molecular layer. 

12. The functional film of any one of claims 1 to 11, wherein the group of molecules of the silane-based compound 
composing the functional film are aligned in a given direction. 

13. The functional film of any one of claims 1 to 12, wherein the base material is composed of any selected one of 
glass, stainless steel, and an aluminum oxide. 

14. A method of fabricating a functional film, the method comprising: 

35 an underiying-layer forming step of forming an underlying layer by bringing, into contact with a surface of a 

base material, an underlying layer solution containing a hydrolyzable compound represented by 



X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0) and drying the underlying layer solution; 

a thin-film forming step of forming a thin film by bringing a solution containing a silane-based compound into 
45 contact with the surface of the base material formed with the underlying layer to cause chemical adsorption 

of the silane-based compound to the surface of the base material; and 
a sintering step of sintering the base materia] after the thin-film forming step. 

15. A method of fabricating a functional film, the method comprising: 
50 an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface of a 

base material, an underlying layer solution containing a hydrolyzable compound represented by 



X'-tAIOX'VAIXVj 

(where X' is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; 
a coating forming step of forming a coating by bringing a coating forming solution containing a silane-based 



34 



EP1 153 740 A1 



10 



15 



compound into contact with the surface of the base material formed with the underlying layer to cause chemical 
adsorption of molecules of the silane-based compound to the surface of the base material; and 
a sintering step of sintering the base material after the coating forming step. 

16. A method of fabricating a functional film, the method comprising: 

an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface of a 
base material, an underlying layer solution containing a two-component mixture composed of a hydroryzable com- 
pound represented by 

X-<SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0) and a hydroryzable compound represented by 



20 



25 



X'-fAIOXVAIX'g 

(where X 1 is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; 

a coating forming step of forming a coating by bringing a coating forming solution containing a silane-based 
compound into contact with the surface of the base material formed with the underlying layer to cause chemical 
adsorption of molecules of the silane-based compound to the surface of the base material; and 
a sintering step of sintering the base material after the coating forming step. 

17. The method of claim 16, wherein a molar ratio Si/AI between Si and Al of the two-component mixture is adjusted 
to 1 or more. 

18. The method of any one of claims 14, 15, and 1 6, wherein the compound represented by X-(SiOX 2 ) n -SiX 3 is alkox- 
30 ysilane. 

19. The method of any one of claims 14 to 18, wherein the drying in the underlying-layer forming step includes evap- 
orating a solvent contained in the underlying layer solution. 

35 20. The method of claim 19, wherein the drying in the underlying-layer forming step is performed at a temperature 
less than 300 °C. 

21 . The method of any one of claims 14 to 1 9, wherein the sintering step includes causing polymerization and setting 
of constituent molecules of the underlying layer. 

40 

22. The method of claim 21 , wherein the sintering in the sintering step is performed at a temperature more than 300 °C. 

23. The method of any one of claims 1 4 to 22, wherein a trichlorosi lane-based compound is used as the silane-based 
compound for forming the coating. 

45 

24. The method of any one of claims 1 4 to 23, wherein a silane-based compound having an alky I group or a f luoroalkyl 
group is used as the silane-based compound for forming the coating. 

25. The method of any one of claims 14 to 24, wherein a non-aqueous solvent is used as a solvent of the coating 
so forming solution. 

26. The method of claim 25, wherein the non-aqueous solvent is silicone. 

27. The method of any one of claims 14 to 26, wherein the coating forming solution is brought into contact with the 
55 surface of the base material in an atmosphere at a relative humidity of 35% or less. 

28. The method of any one of claims 14 to 27, the method further comprising: 

a cleaning step of removing unadsorbed molecules of the silane-based compound after the sintering step. 
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29. The method of claim 28, wherein a non-aqueous solvent is used as a cleaning agent in the cleaning step. 

30. The method of claim 29, wherein chloroform is used as the non-aqueous solvent in the cleaning step. 

5 31 . The method of claim 29, wherein N-methyl-2-pyrrolidinone is used as the non-aqueous solvent in the cleaning step. 

32. A liquid crystal display device comprising: 

a pair of substrates disposed in opposing relation, each of the pair of substrates having an electrode and a 
10 liquid crystal alignment film formed on a surface of the electrode with an underlying layer interposed therebe- 

tween; and 

a liquid crystal layer provided between the pair of substrates, 

the underlying layer being a thin film composed of a hydrolyzable compound represented by 

15 X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0), bonded fixedly onto the base material via a 
20 siloxane bond, and containing a structural unit represented by the following structural formula (1 ), 

the liquid crystal alignment film being an alignment film composed of a group of molecules of a silane-based 
compound each having an — O-Si bonding group in an end group thereof and chemically adsorbed to the under- 
lying layer by chemical bonding 

25 

I I 

— CSi — O) ix — Si — - - - (1) 

I I 

o o 

« 1 

(where n is an integer equal to or more than 0). 

33. A liquid crystal display device comprising: 

35 

a pair of substrates disposed in opposing relation, each of the pair of substrates having an electrode and a 
liquid crystal alignment film formed on a surface of the electrode with an underlying layer interposed therebe- 
tween; and 

a liquid crystal layer provided between the pair of substrates, 
40 the underlying layer being a thin film composed of a hydrolyzable compound represented by 

X'-tAIOXVAIX'g 

45 (where X' is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material 

via an — O-AI bond, and containing a structural unit represented by the following structural formula (2), 

the liquid crystal alignment film being an alignment film composed of a group of molecules of a silane-based 
compound each having an — O-Si bonding group in an end group thereof and chemically adsorbed to the under- 
lying layer by chemical bonding 

50 



- (Al-O) n-Al- 



55 



I 

O 
I 



I 

o 

I 



• (2) 
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(where n is an integer equal to or more than 0). 

34. A liquid crystal display device comprising: 

s a pair of substrates disposed in opposing relation, each of the pair of substrates having an electrode and a 

liquid crystal alignment film formed on a surface of the electrode with an underlying layer interposed therebe- 
tween; and 

a liquid crystal layer provided between the pair of substrates, 

the underlying layer being a thin film composed of a hydrolyzable compound represented by 

10 

X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
is an isocyanate group and n Is an integer equal to or more than 0) and a hydrolyzable compound represented by 

X , -(AIOX , ) n -AIX , 2 

20 (where X* is an alkoxy group and n is an integer equal to or more than 0), bonded fixedly onto the base material 

via a siloxane bond and an — O-Al bond, and containing structural units represented by the following structural 
formulae (1) and (2), respectively, 

the liquid crystal alignment film being a thin film composed of a group of molecules of a silane-based com- 
pound each having an — O-Si bonding group in an end group thereof and chemically adsorbed to the underlying 

25 layer by chemical bonding 

I I 

(Si— O) n— Si— • • • (1) 

0 o 

1 I 

• • • (2) 



(where n is an integer equal to or more than 0). 

35. The liquid crystal display device of any one of claims 32, 33, and 34, wherein the group of the molecules of the 
45 silane-based compound composing the liquid crystal alignment film are aligned in a given direction or in a plurality 

of directions to form a pattern. 

36. The liquid crystal display device of any one of claims 32 to 35, wherein each of the molecules of the silane-based 
compound has a straight carbon chain having a photosensitive group and the photosensitive group is polymerized 

50 fixedly in a desired direction. 

37. The liquid crystal display device of any one of claims 32 to 36, wherein the liquid crystal layer has a pretilt alignment. 

38. The liquid crystal display device of any one of claims 32 to 36, wherein the liquid crystal layer has a homogeneous 
55 alignment. 

39. The liquid crystal display device of any one of claims 32 to 36, wherein the liquid crystal layer has a homeotroplc 
alignment. 
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40. The liquid crystal display device of any one of claims 32 to 36 and 38, which is a liquid crystal display device of 
inplane switching type, wherein the electrodes opposed to each other are formed on a surface of one of the sub- 
strates. 

5 41 . A method of fabricating a liquid crystal display device comprising: 

a pair of substrates having a liquid crystal alignment film internally of at least one of the pair of substrates; and 
a liquid crystal layer provided between the pair of substrates and having a given alignment structure due to 
the liquid crystal alignment film, the method comprising: 
io an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface 

of each of the substrates, an underlying layer solution containing a hydro lyzable compound represented by 

X-(SiOX 2 ) n -SiX 3 

15 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
an isocyanate group and n is an integer equal to or more than 0) and drying the underlying layer solution; 

a thin-film forming step of bringing a solution containing a si lane-based compound into contact with the surface 
20 of the substrate formed with the underlying layer to cause chemical adsorption of molecules of the silane- 

based compound to the surface of the substrate and thereby forming the liquid crystal alignment film; 
a sintering step of sintering the substrate; and 

an alignment treatment step of performing an alignment treatment with respect to the liquid crystal alignment 
film. 

25 

42. A method of fabricating a liquid crystal display device comprising: 

a pair of substrates having a liquid crystal alignment film internally of at least one of the pair of substrates; and 
a liquid crystal layer provided between the pair of substrates and having a given alignment structure due to 
30 the liquid crystal alignment film, the method comprising: 

an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface 
of each of the substrates, an underlying layer solution containing a hydrolyzable compound represented by 

XXAIOX'J^AIX'g 

(where X' is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; 

a thin-film forming step of bringing a solution containing a si lane-based compound into contact with the surface 
of the substrate formed with the underlying layer to cause chemical adsorption of molecules of the silane- 
based compound to the surface of the substrate and thereby forming the liquid crystal alignment film; 
a sintering step of sintering the substrate; and 

an alignment treatment step of performing an alignment treatment with respect to the liquid crystal alignment 
film. 

43. A method of fabricating a liquid crystal display device comprising: 

a pair of substrates having a liquid crystal alignment film internally of at least one of the pair of substrates; and 
a liquid crystal layer provided between the pair of substrates and having a given alignment structure due to 
so the liquid crystal alignment film, the method comprising: 

an underlying-layer forming step of forming an underlying layer by bringing, into contact with a surface 
of each of the substrates, an underlying layer solution containing a two-component mixture composed of a 
hydrolyzable compound represented by 

55 X-(SiOX 2 ) n -SiX 3 

(where X is at least one functional group selected from the group consisting of a halogen, an alkoxy group, and 
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an isocyanate group and n is an integer equal to or more than 0) and a hydrolyzable compound represented by 

X'-(AIOX*) n - AIX, 2 

5 

(where X' is an alkoxy group and n is an integer equal to or more than 0) and drying the underlying layer solution; 

a thin-film forming step of bringing a solution containing a silane-based compound into contact with the surface 
of the substrate formed with the underlying layer to cause chemical adsorption of molecules of the silane- 
10 based compound to the surface of the substrate and thereby forming the liquid crystal alignment film; 

a sintering step of sintering the substrate; and 

an alignment treatment step of performing an alignment treatment with respect to the liquid crystal alignment 
film. 

15 44. The method of any one of claims 41 , 42, and 43, further comprising a cleaning step of removing unadsorbed 
molecules of the silane-based compound after the sintering step. 

45. The method of claim 44, wherein a non-aqueous solvent is used as a cleaning agent in the cleaning step. 

20 46. The method of claim 45, wherein chloroform is used as the non-aqueous solvent. 

47. The method of claim 45, wherein N-methyl-2-pyrrolidinone is used as the non-aqueous solvent. 

48. The method of any one of claims 41 to 47, further comprising, after the cleaning step, a drainage alignment step 
25 of draining the cleaning agent in a desired direction of drainage and thereby aligning the molecules of the silane- 
based compound composing the liquid crystal alignment film in the direction of drainage. 

49. The method of any one of claims 41 to 48, wherein the alignment treatment step is a rubbing alignment step of 
aligning the molecules of the silane-based compound in the liquid crystal alignment film in a desired direction by 

30 a rubbing treatment. 

50. The method of any one of claims 41 to 48, wherein, if the liquid crystal alignment film is composed of the group of 
molecules of the silano-based compound each having a photosensitive group, the alignment treatment step is a 
polarized-light alignment step of irradiating the surface of the substrate formed with the liquid crystal alignment 

35 film with polarized light to cause a crosslinking reaction between the molecules of the silane-based compound and 

thereby exerting an alignment regulating force which enables liquid crystal molecules to be aligned in a specified 
direction. 

51 . The method of claim 50, wherein an intensity of the polarized light used for irradiation in the polarized-light alignment 
40 step is 1 J/cm 2 or more at a wavelength of 365 nm. 

52. The method of any one of claims 41 to 50, wherein a 5 mol% or less of silane-based compound having a f luoroalkyl 
group is mixed in the solution containing the silane-based compound. 

45 
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Fig. 2 
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Fig. 3 
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